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(57) ABSTRACT

There 1s provided an electrophotographic photosensitive
member having a cylindrical shape, including a plurality of
concave portions on a surface thereotf,

wherein a sum of opening areas of the concave portions
1s 5% or more and 65% or less based on a total area of
a surface layer of the electrophotographic photosensi-
tive member,

an average value davg of depths of the concave portions
satisfies the following Equation (1),

0.4=davg=3.0(um) Equation (1)

a sum of opening areas ol concave portions having a
specific depth d 1s 95% or more of the sum of the
opening areas of the concave portions,

an average value Lavg of maximum widths of openings of
the concave portions 1n a circumierential direction of
the electrophotographic photosensitive member 1s 20
um or more and 200 um or less, and

the electrophotographic photosensitive member has at
least one specific region B.
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FIG. 3
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ELECTROPHOTOGRAPHIC
PHOTOSENSITIVE MEMBER, PROCESS

CARTRIDGE, AND
ELECTROPHOTOGRAPHIC APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electrophotographic
photosensitive member, a process cartridge, and an electro-
photographic apparatus.

Description of the Related Art

Since an electrical or mechanical external force such as
charging or cleaning 1s applied to a surface of a cylindrical
clectrophotographic photosensitive member (heremafter,
also simply referred to as an electrophotographic photosen-
sitive member), durability (abrasion resistance or the like)
against these external forces 1s required.

In response to this requirement, improved techniques, for
example, a technique to use a resin (curable resin or the like)
having high abrasion resistance in a surface layer of the
electrophotographic photosensitive member and the like,
have been used 1n the art.

Meanwhile, as a main problem occurring by enhancing
abrasion resistance of the surface of the electrophotographic
photosensitive member, there 1s an influence on cleanming
performance performed by a cleaning blade. As main factors
in an electrophotographic apparatus at the time of maintain-
ing cleaning performance for a long period of time, shape
maintainability of a tip of the cleaning blade and uniformiza-
tion of stress applied to the cleaning blade can be mentioned.
Since the tip of the cleaning blade comes in contact with the
surface of the electrophotographic photosensitive member to
scrape unnecessary toner, abrasion of the tip occurs as a
developing process 1s repeated. As the friction force with the
surface of the electrophotographic photosensitive member 1s
decreased, the abrasion as described above 1s further sup-
pressed. Further, 1n the case in which there 1s a deviation in
an 1mage pattern 1 an axial direction of the electrophoto-
graphic photosensitive member, a diflerence 1n stress
applied to the cleaning blade 1n a longitudinal direction of
the cleaning blade may be generated. Therefore, a method of
reducing the frictional force by appropniately roughening the
surface ol an electrophotographic photosensitive member
and reducing a contact area between the surface of the
clectrophotographic photosensitive member and the clean-
ing blade has been proposed.

For example, a method for controlling a fine shape to be
transierred onto a surface of an electrophotographic photo-
sensitive member with high accuracy has been disclosed 1n
Japanese Patent No. 4059518. This method 1s excellent 1n
view of diversity ol a shape to be transferred and control-
lability. Further, this method 1s excellent in that stress
applied to the cleaning blade 1s made uniform 1n a longitu-
dinal direction.

Further, an electrophotographic photosensitive member in
which a non-uniform shape 1s partially formed 1n a circum-

terential direction of the electrophotographic photosensitive
member as a method of further reducing a friction force with

a cleaning blade has been disclosed in Japanese Patent
Application Laid-Open No. 2016-218318. The method dis-
closed in Japanese Patent Application Laid-Open No. 2016-
218318 1s excellent 1n view of reducing a friction force
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generated between a surface of the electrophotographic
photosensitive member and the cleaming blade.

In the future, there 1s a need to further extend a lifespan
ol an electrophotographic apparatus, make stress applied to
the cleaning blade uniform in the longitudinal direction, and
reduce a Iriction force generated between the surface of the
clectrophotographic photosensitive member and the clean-
ing blade.

SUMMARY OF THE INVENTION

An object of the present mmvention i1s to provide an
clectrophotographic photosensitive member capable of
extending a lifespan of a cleaning blade, a process cartridge,
and an electrophotographic apparatus. Another object of the
present invention 1s to provide a process cartridge and an
clectrophotographic apparatus having the electrophoto-
graphic photosensitive member as described above.

The object 1s achieved by the present invention. Accord-
ing to an exemplary embodiment of the present invention,
there 1s provided a cylindrical electrophotographic photo-
sensitive member 1ncluding a plurality of concave portions
on a surface thereof, wherein a sum of opening areas of the
concave portions 1s 5% or more and 65% or less based on a
total area of a surface layer of the electrophotographic
photosensitive member,

an average value davg of depths of the concave portions
satisfies the following Equation (1),

0.4=davg=3.0(um) Equation (1)

a sum ol opening areas of concave portions having a depth
d satistying the following Equation (2) 1s 95% or more of the
sum of the opeming areas of the concave portions,

davg-0.2=d=<davg+0.2(um) Equation (2)

an average value Lavg of maximum widths of openings of
the concave portions 1n a circumierential direction of the
clectrophotographic photosensitive member 1s 20 um or
more and 200 um or less, and

the electrophotographic photosensitive member has at

least one region B on the surface thereol, where
(band YO)

a band YO 1s,

when an average value of maximum widths of the open-
ings ol the concave portions 1 an axial direction of the
clectrophotographic photosensitive member 1s defined as
Wavg,

an annular band including a line LYO having a width of
4xWavg, the line LY passing through the center of the
clectrophotographic photosensitive member in the axial
direction as a central line and,

(line XO0)

a line XO 1s,

(1) when two or more shallow concave portions of which
50% or more of the opening area 1s included 1n the band YO
and a depth 1s 0.5xdavg or less are continuously present 1n
the band YO,

a line 1n the axial direction of the electrophotographic
photosensitive member, passing through a central point of a
line segment and being orthogonal to the band YO, the line
segment connecting deepest positions of two concave por-
tions positioned at both ends 1n the circumierential direction
among the shallow concave portions that are continuously
present, or

(11) when the shallow concave portion of which 50% or
more ol an opening area 1s mcluded 1n the band YO and a
depth 1s 0.5xdavg or less 1s present alone 1n the band YO,
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a line i the axial direction of the electrophotographic
photosensitive member, passing through the deepest posi-
tion of the shallow concave portion and being orthogonal to
the band YO,

(region A)

a region A,

on the surface of the electrophotographic photosensitive
member,

which 1s a tetragonal region of 200 um square partitioned

by lines in the circumierential direction which are formed
in parallel to the line LYO and arranged to have an interval
of 200 um therebetween, and

lines 1n the axial direction which are formed 1n parallel to
the line X0 1n a region up to a position spaced apart from the
line X0 by 35 mm and arranged to have an interval of 200
um therebetween,

1s a tetragonal region in which a ratio of the number of
shallow concave portions having a depth of 0.5xdavg or less
to the total number of concave portions of which 350% or
more of the opening area 1s included 1n the tetragonal region
15 25% or more,

(region B)

a region B 1s an arc shaped region formed by an aggregate
satistying the following condition 1 among aggregates of the
region A 1n which any one of four sides or four corners of
the region A comes 1n contact with each other, and

(condition 1)

a length of the aggregate in the axial direction of the
clectrophotographic photosensitive member 1s 90% or more
based on a maximum length of a concave portion formation
region 1n the axial direction of the electrophotographic
photosensitive member,

a length of the aggregate 1n the circumierential direction
ol the electrophotographic photosensitive member 1s 1% or
more and 10% or less based on the maximum length of the
concave portion formation region 1n the axial direction of
the electrophotographic photosensitive member, and

when quadratic function approximation is performed on a
central point of each of the regions A constituting the
aggregate by a least squares method in an orthogonal
coordinate system 1n which the axial direction of the elec-
trophotographic photosensitive member 1s the X direction
and the circumferential direction thereot i1s the Y direction,
a correlation coellicient R of an approximate curve 1s 0.5 or
more.

According to another exemplary embodiment of the pres-
ent invention, there 1s provided a process cartridge integrally
supporting the electrophotographic photosensitive member
described above and a cleaning unit having a cleaning blade
disposed to come in contact with the electrophotographic
photosensitive member, wherein the process cartridge 1s
detachably attachable to a main body of the electrophoto-
graphic apparatus.

According to another exemplary embodiment of the pres-
ent 1nvention, there i1s provided an electrophotographic
apparatus including the electrophotographic photosensitive
member described above, a charging unit, an exposing unit,
a developing unit, a transferring unit, and a cleaning unit
having a cleaning blade disposed to come 1n contact with the
clectrophotographic photosensitive member.

Further features of the present invention will become
apparent from the following description of exemplary

embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, 1C and 1D are views schematically 1illus-

trating reference lines for setting a region on a surface of an
clectrophotographic photosensitive member according to the
present mvention.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 2 1s a view 1llustrating an example of an exterior of
the electrophotographic photosensitive member according to
the present invention.

FIG. 3 1s a view illustrating an example of fitting of
concave portions of a surface of the electrophotographic
photosensitive member according to the present invention.

FIG. 4 1s a view schematically illustrating relationships of
a reference plane, a flat surface, concave portions and the
like according to the present invention.

FIG. 5A 15 a view 1llustrating an example of a shape of an
opening of the concave portion of the surface of the elec-
trophotographic photosensitive member according to the
present mvention.

FIG. 5B 1s a view 1illustrating an example of a cross-
sectional shape of the concave portion of the surface of the
clectrophotographic photosensitive member according to the
present invention.

FIGS. 6 A and 6B are views 1llustrating an example of a
method of forming the concave portion on the surface of the
clectrophotographic photosensitive member according to the
present 1nvention.

FIGS. 7A, 7B and 7C are views illustrating an example of
a mold member for forming a concave portion or a convex-
shaped portion on the surface of the electrophotographic
photosensitive member according to the present invention.

FIGS. 8A and 8B are views illustrating an example of a
mold member according to the present invention.

FIG. 9 1s a view illustrating an example of an electro-
photographic apparatus including a process cartridge having
the electrophotographic photosensitive member according to
the present invention.

FIG. 10 1s a view 1illustrating an example of a state in
which the electrophotographic photosensitive member
according to the present invention and a cleaning blade
come 1n contact with each other.

FIG. 11 1s a cross-sectional view illustrating an example
ol an abrasion state of a tip of a cleaning blade according to
the present invention.

FIGS. 12A, 12B and 12C are views illustrating another
example of the mold member according to the present
invention.

DESCRIPTION OF TH

L1l

EMBODIMENTS

Preferred embodiments of the present invention will now
be described 1n detail 1n accordance with the accompanying
drawings.

An electrophotographic photosensitive member accord-
ing to the present mvention i1s a cylindrical electrophoto-
graphic photosensitive member including a plurality of
concave portions on a surface thereof.

In the cylindrical electrophotographic photosensitive
member including the plurality of concave portions on the
surface thereol according to the present invention, a sum of
opening areas of the concave portions 1s 5% or more and
65% or less based on a total area of a surface layer of the
clectrophotographic photosensitive member.

In addition, an average value davg of depths of the
concave portions satisiies the following Equation (1).

0.4=davg=3.0(um) Equation (1)

Further, 1n the electrophotographic photosensitive mem-
ber including the plurality of concave portions on the surface
thereol according to the present invention, a sum of opening
areas ol concave portions having a depth d satistying the
following Equation (2) 1s 95% or more of the sum of the
opening areas of the concave portions.

davg-0.2=d=davg+0.2(um) Equation (2)
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In the cylindrical electrophotographic photosensitive
member including the plurality of concave portions on the
surface thereol according to the present invention, an aver-
age value Lavg of maximum widths of openings of the
concave portions 1n a circumierential direction of the elec-
trophotographic photosensitive member 1s 20 um or more
and 200 um or less.

Further, the electrophotographic photosensitive member
including the plurality of concave portions on the surface
thereol according to the present mvention has at least one
region B on the surface thereof.

(Region B)

The region B 1s an arc shaped region formed by an
aggregate satisiying the following condition 1 among aggre-
gates of the region A of which any one of four sides or four
corners comes 1n contact with each other.

(Condition 1)

A length of the aggregate 1n an axial direction of the
clectrophotographic photosensitive member 1s 90% or more
based on a maximum length of a concave portion formation
region 1n the axial direction of the electrophotographic
photosensitive member,

a length of the aggregate in a circumierential direction of
the electrophotographic photosensitive member 1s 1% or
more and 10% or less based on the maximum length of the
concave portion formation region in the axial direction of
the electrophotographic photosensitive member, and

when quadratic function approximation 1s performed on a
central point of each of the regions A constituting the
aggregate by a least squares method 1n an orthogonal
coordinate system in which the axial direction of the elec-
trophotographic photosensitive member 1s the X direction
and the circumfierential direction thereof 1s the Y direction,
a correlation coellicient R of an approximate curve 1s 0.5 or
more.

The region A 1s described with reference to FIGS. 1A to
1D. First, a [band YO] and a [line XO0] are defined as follows.

[Band YO]

As 1llustrated in FIG. 1A, the band YO 21 1s

an annular band including a line LYO 25 having a width

of 4xWavg, the line LYO 25 passing through the center of an
clectrophotographic photosensitive member 1 1n the axial
direction as a central line and when the average value of the
maximum widths of the openings of the concave portions in
the axial direction of the electrophotographic photosensitive
member 1 1s defined as Wavg.

[Line XO]

As 1llustrated in FIG. 1B, the line X0 24 1s

(1) a line 1n the axial direction of the electrophotographic
photosensitive member 1, passing through a central point of
a line segment and being orthogonal to the band YO 21, the
line segment connecting deepest positions of two concave
portions 22 positioned at both ends in the circumierential
direction among the shallow concave portions 22 that are
continuously present when two or more shallow concave
portions 22 of which 50% or more of an opening area 1s
included 1n the band YO 21 and a depth 1s 0.5xdavg or less
are continuously present in the band YO 21, or

(11) a line 1n the axial direction of the electrophotographic
photosensitive member 1, passing through the deepest posi-
tion of the shallow concave portion 22 and being orthogonal
to the band YO 21 when the shallow concave portion 22 of
which 50% or more of an opeming area 1s included 1n the
band YO 21 and a depth 1s 0.5xdavg or less 1s present alone
in the band YO 21.
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Subsequently, [region A] and [region B] are described
below.

[Region A]

As 1llustrated 1n FIGS. 1C and 1D,

the region A, which 1s a tetragonal region of 200 um
square partitioned by lines in the circumierential direction
which are formed 1n parallel to the line LYO 235 and arranged
to have an 1nterval of 200 um therebetween and lines 1n the
axial direction which are formed 1n parallel to the line X0 24
in a region up to a position spaced apart from the line X0 24
by 35 mm and arranged to have an interval of 200 um
therebetween on the surface of the electrophotographic
photosensitive member 1, 1s a tetragonal region 1 which a
ratio of the number of shallow concave portions 22 having
a depth of 0.5xdavg or less to the total number of concave
portions of which 50% or more of the opening area 1s
included in the tetragonal region 1s 25% or more.

[Region B]

The region B 1s an arc shaped region formed by an
aggregate satistying the following condition 1 among aggre-
gates of the region A in which any one of four sides or four
corners of the region A comes 1n contact with each other.

(Condition 1)

A length of the aggregate in the axial direction of the
clectrophotographic photosensitive member 1s 90% or more
based on a maximum length of a concave portion formation
region 1n the axial direction of the electrophotographic
photosensitive member,

a length of the aggregate in the circumferential direction
of the electrophotographic photosensitive member 1s 1% or
more and 10% or less based on a maximum length of a
concave portion formation region 1n the axial direction of
the electrophotographic photosensitive member, and

when quadratic function approximation 1s performed on a
central point of each of the regions A constituting the
aggregate by a least squares method in an orthogonal
coordinate system 1n which the axial direction of the elec-
trophotographic photosensitive member 1s the X direction
and the circumfterential direction thereot i1s the Y direction,
a correlation coellicient R of an approximate curve 1s 0.5 or
more.

In addition, the opening area of the concave portion
means an area ol a region enclosed by lines at which a
recessed portion when the concave portion 1s viewed
directly above from the surface of the electrophotographic
photosensitive member comes 1n contact with flat portions
around the recessed portion on the surface of the electro-
photographic photosensitive member. Determination of the
opening arcas ol these concave portions 1s described 1n
detail later.

A main difference between the electrophotographic pho-
tosensitive member according to the present mvention and
an electrophotographic photosensitive member known 1n the
art, having a surface on which concave portions are formed
1s described.

In view of further reducing a friction force with a cleaning,
blade, a feature of the surface of the electrophotographic
photosensitive member known in the art 1s that a more
uniform shape 1s stably formed over the entire surface. The
phrase “more uniform shape” means that a depth of the
concave portion 1s aligned with surrounding portions. Fur-
ther, the phrase “stably formed over the entire surface”
means that there 1s no specific portion 1n which the depth of
the concave portion 1s insuilicient as compared with the
surrounding portions, particularly in a range 1n which the
surface of the electrophotographic photosensitive member
comes 1n contact with the cleaning blade.
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Further, an electrophotographic photosensitive member in
which a non-uniform portion 1s formed in a part of the
clectrophotographic photosensitive member 1n a circumier-
ential direction 1s disclosed. The term “non-uniform por-
tion” means that in the electrophotographic photosensitive
member having the surface on which a concave portion 1s
tormed, a depth of the concave portion formed 1n a certain
section 1s shallower than a depth of a concave portion
formed 1n a section therearound.

Meanwhile, a main feature (configuration) of the electro-
photographic photosensitive member according to the pres-
ent invention 1s that a concave portion having a shallower
depth than that of surrounding concave portions 1s continu-
ously formed (in the region B). Further, the region B 1s
curved 1n a quadratic curve shape in an orthogonal coordi-
nate system in which the axial direction of the electropho-
tographic photosensitive member 1s an X direction and the
circumierential direction of the electrophotographic photo-
sensitive member 1s a Y direction (second feature).

In addition, the electrophotographic photosensitive mem-
ber according to the present mvention has a feature that
depths of the concave portions are the same as each other 1n
regions 1n which the other concave portions are formed other
than regions in which the above-mentioned concave portion
having a shallower depth than that of surrounding concave
portions 1s continuously formed (first feature).

Next, functions of the electrophotographic photosensitive
member having the region B in which the concave portion
having a shallower depth than that of surrounding concave
portions 1s continuously formed are described.

On the surface of the an electrophotographic photosensi-
tive member known 1n the art, having a surface on which
concave portions are formed, concave portions having a
uniform depth are stably formed over the entire surface. The
concave portion may reduce friction with the cleaning blade,
but as a cleaning operation by a contact of the cleaning blade
accompanied with a predetermined friction force 1s repeated,
stress by the friction 1s slowly and continuously accumulated
in the cleaning blade. Since the concave portions having a
uniform depth 1s continuous formed, the stress 1s stably
accumulated. As the stress 1s accumulated i the cleaning
blade, the cleaning blade 1s temporarily in a state 1n which
the cleaning blade loses flexibility, and thus, a friction force
generated between the cleaning blade and the electrophoto-
graphic photosensitive member 1s further increased. In addi-
tion, abrasion started from a tip of the cleaning blade when
the stress reaches a predetermined accumulation amount,
and a shape of the tip of the cleaning blade 1s deformed by
abrasion, such that a cleaning state 1s changed. Further,
finally, the abrasion or change in the cleaming state proceeds,
such that the cleaning blade reaches the end of its lifespan.

On the contrary, in the electrophotographic photosensitive
member according to the present mvention, concave por-
tions having a uniform depth deeper than that of shallow
concave portions are formed i1n other regions except for
some regions in the circumierential direction 1n which the
concave portions having a shallower depth than that of
surrounding concave portions are formed. When a cleaning
blade comes in contact with the surface of the electropho-
tographic photosensitive member to perform the cleaning,
first, stress by friction 1s accumulated in a surface in which
the concave portion having the uniform depth i1s continu-
ously formed, similarly to the electrophotographic photo-
sensitive member known 1n the art. Continuously, the clean-
ing blade comes in contact with the concave portion having
a shallower depth than the surrounding concave portions and
formed 1n some region i1n the circumierential direction,

10

15

20

25

30

35

40

45

50

55

60

65

8

which 1s intermittently encountered by the rotation of the
clectrophotographic photosensitive member. Here, a strong
friction force at a certain level or more i1s generated as
compared with the case in which the cleaning blade comes
in contact with the concave portion having a suthicient depth
and continuously formed that was in contact until then. This
change 1n a Iriction force can partially release the stress
accumulated in the cleaning blade and can relieve stress
accumulation. Therefore, deformation of the tip of the
cleaning blade by abrasion can be suppressed, thereby
making 1t possible to maintain the cleaning blade 1n a
satisfactory state for a longer time.

Further, in the present invention, a region in which the
concave portion having a depth shallower than that of
surrounding concave portions 1s continuously formed such
as the region B 1s curved substantially 1n a quadratic curve
shape. In this way, it 1s possible to obtain an eflect of
suppressing a variation in stress applied to the cleaning
blade 1n the longitudinal direction for two reasons.

The first reason 1s that in the present ivention, in the
region B, the concave portion having a depth shallower than
that of the surrounding concave portions 1s provided without
interruption in the axial direction of the electrophotographic
photosensitive member. As a result, non-uniformity in stress
applied to the cleaning blade 1s less likely to occur as
compared to the case 1n which shallow concave portions are
scattered. Particularly, 1t 1s easy to obtain the eflect in the
case 1n which there 1s a deviation 1n 1mage pattern in the
axial direction of the electrophotographic photosensitive
member.

The second reason 1s that as the region B 1s curved 1n the
quadratic curve shape, the concave portion having a depth
shallower than that of the surrounding concave portions 1s
continuously disposed while being slightly deviated in the
circumierential direction of the electrophotographic photo-
sensitive member. The deviation is large at both ends of the
clectrophotographic photosensitive member and small at the
central portion thereof 1n the axial direction. That 1s, a range
in which a contact mip of the cleaning blade and the region
B overlap each other 1s narrow i the vicinity of both end
portions of the electrophotographic photosensitive member
and 1s wide 1n the vicinity of the central portion thereof 1n
the axial direction.

Stress to the cleaning blade tends to increase 1n both end
portions of the electrophotographic photosensitive member
in the axial direction. For this reason, 1n this range, a contact
area between the region B and the cleaning blade 1s reduced,
and 1n the central portion of the electrophotographic photo-
sensitive member 1n the axial direction, the contact area
between the region B and the cleaming blade 1s increased. As
a result, a variation in stress applied to the cleaning blade 1n
the longitudinal direction 1s suppressed.

The electrophotographic photosensitive member accord-
ing to the present invention 1s described 1n more detail with
reference to the accompanying drawings. FIG. 2 1s a view
illustrating an example of an exterior of the electrophoto-
graphic photosensitive member according to the present
invention, and as illustrated 1n FIG. 2, a cylindrical electro-
photographic photosensitive member 1 has a cylindrical
substrate 2 and a surface layer 3 formed on a surface of the
cylindrical substrate 2. In addition, a plurality of concave
portions are formed on a surface of the surface layer 3. The
concave portion may be formed 1n the same range as that of
the surface layer 3 in the axial direction of the electropho-
tographic photosensitive member 1, and the concave portion
may also be formed to be shorter than the range of the
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surface layer 3 as long as the concave portion 1s substantially
formed 1n a range corresponding to a contact length of the
cleaning blade.

Further, 1n the present invention, a sum of opening areas
of the concave portions on the surface of the electrophoto-
graphic photosensitive member 1 1s 5% or more and 65% or
less, and particularly preferably 5% or more and 60% or less,
based on a total area of the surface layer of the electropho-
tographic photosensitive member 1. An eflect of reducing a
friction force between the cleaning blade and the electro-
photographic photosensitive member 1 1s further enhanced
by setting an area ratio (%) of the concave portions on the
surface of the electrophotographic photosensitive member
(the sum of the opening areas of the concave portions on the
surface of the electrophotographic photosensitive member/
the total area of the surface layer of the electrophotographic
photosensitive member) to be 5% or more as described
above. Meanwhile, by setting the area ratio of the concave
portions to 65% or less, a flat portion on the surface of the
clectrophotographic photosensitive member 1 can be suili-
ciently maintained, and it 1s possible to effectively suppress
slipping of a toner at the time of cleaning. In addition, by
setting the area ratio to 60% or less, the flat portion can be
more sufliciently maintained, and it 1s possible to more
cllectively suppress the slipping of the toner at the time of
cleaning.

Next, the depth of the concave portion 1s described. As
described above, the electrophotographic photosensitive
member according to the present invention has the first
teature that the concave portions having the uniform depth
are formed in most of the surface (more specifically, the
other portions except for a region A to be described below).
Further, the electrophotographic photosensitive member has
the second feature that the concave portion having a depth
shallower than that of the surrounding concave portions 1s
continuously formed (region B) and the region B 1s curved
approximately in a quadratic curve shape 1n the orthogonal
coordinate system 1n which the axial direction of the elec-
trophotographic photosensitive member 1s the X direction
and the circumierential direction of the electrophotographic
photosensitive member 1s the Y direction.

First, the first feature that the concave portions having the
uniform depth are formed 1n most of the surface 1s described.
It 1s important that the concave portion formed on the
surface of the electrophotographic photosensitive member 1
satisiies the following two requirements.

The first requirement is that the average value davg of the
depths of the concave portions satisfies Equation (1), that is,
the average value davg 1s 1 a range of 0.4 um or more and
3.0 um or less. When the average value davg 1s 0.4 um or
more, the eflect of reducing Iriction between the cleaning
blade and the electrophotographic photosensitive member 1
may be improved. Further, when average value davg 1s 3.0
um or less, it 1s possible to more eflectively suppress
occurrence of the slipping of the toner at the time of
cleaning.

The second requirement 1s that the concave portions
having a umiform depth occupy 95% or more of the concave
portions formed on the surface of the electrophotographic
photosensitive member 1. More specifically, a sum of open-
ing areas of the concave portions having a uniform depth
occupies 95% of the sum of the opening areas of the concave
portions formed on the surface of the electrophotographic
photosensitive member 1. Further, the concave portions
having a uniform depth means concave portions having a
depth d 1n a range in which a difference from the average
value davg of the depths of the concave portions 1s —0.2 um
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or more and +0.2 um or less, that 1s, a depth d satistying
Equation (2). When a vanation in depth of the concave
portion 1s within this range, the friction between the cleaning
blade and the surface of the electrophotographic photosen-
sitive member 1 1s stabilized, and the stress newly added to
the cleaning blade to thereby be accumulated therein can be
suppressed to be low. The concave portions having a uni-
form depth occupy 95% or more of the concave portions as
described above, such that a basic friction force between the
cleaning blade and the surface of the electrophotographic
photosensitive member 1 can be maintained to be low.

Further, the first feature has a function of making a
difference in a Iriction state with a non-uniform concave
portion described below become apparent in addition to
maintaining the basic friction force to be low and preventing
slipping of the toner.

Next, the second feature 1s described. On the surface of
the electrophotographic photosensitive member 1 according
to the present invention, it 1s necessary that at least one
region B 1s formed as a second feature 1n addition to the first
feature.

The region B 1s an aggregate of regions A. First, a

procedure of determining the region A 1s described.
First, an average value Wavg of maximum widths of open-
ings of the concave portions on the surface of the electro-
photographic photosensitive member 1 1n the axial direction
of the celectrophotographic photosensitive member 1s
obtained.

Next, when the average value of the maximum widths of
the openings of the concave portions 1n the axial direction of
the electrophotographic photosensitive member 1 1s Wavg,
an annular band YO including a line LYO 25 and having a
width of 4xWavg, the line LYO 23 passing through the center
of the electrophotographic photosensitive member 1n the
axial direction as a central line 1s set.

(1) A line XO corresponding to a line 1n the axial direction
of the electrophotographic photosensitive member 1, pass-
ing through a central point of a line segment and being
orthogonal to the band YO, the line segment connecting
deepest positions of two concave portions positioned at both
ends 1 the circumierential direction among the shallow
concave portions that are continuously present when two or
more shallow concave portions of which 50% or more of an
opening area 1s included in the band YO and a depth 1is
0.5xdavg or less are continuously present 1n the band YO, or

(1) a line 1n the axial direction of the electrophotographic
photosensitive member 1, passing through the deepest posi-
tion of a shallow concave portion and being orthogonal to
the band YO when the shallow concave portion of which
50% or more of an opening area 1s included 1n the band YO
and a depth 1s 0.5xdavg or less 1s present alone in the band
YO 1s set.

On the surface of the electrophotographic photosensitive
member 1, as the tetragonal region of 200 um square
partitioned by lines in the circumfterential direction which
are formed in parallel to the line LYO 25 and arranged to
have an interval of 200 um therebetween and lines 1n the
axial direction which are formed 1n parallel to the line X0 1n
a region up to a position spaced apart from the line X0 by
35 mm and arranged to have an interval of 200 um ther-
cbetween, a tetragonal region 1n which a ratio of the number
of shallow concave portions having a depth of 0.5xdavg or
less to the total number of concave portions of which 50%
or more of the opening area i1s included 1n the tetragonal
region 15 25% or more 1s defined as the region A.

Among aggregates of the region A in which any one of
four sides or four corners of the region A comes 1n contact
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with each other, an arc shaped region formed by an aggre-
gate satisiying the following condition 1 1s defined as the
region B.

(Condition 1)

A length of the aggregate in the axial direction of the
clectrophotographic photosensitive member 1s 90% or more
based on a maximum length of a concave portion formation
region 1n the axial direction of the electrophotographic
photosensitive member,

a length of the aggregate 1n the circumierential direction
of the electrophotographic photosensitive member 1s 1% or
more and 10% or less based on a maximum length of a
concave portion formation region 1n the axial direction of
the electrophotographic photosensitive member, and

when quadratic function approximation 1s performed on a
central point of each of the regions A constituting the
agoregate by a least squares method in the orthogonal
coordinate system 1n which the axial direction of the elec-
trophotographic photosensitive member 1s the X direction
and the circumferential direction thereof i1s the Y direction,
a correlation coeflicient R of an approximate curve 1s 0.5 or
more.

Next, conditions to be satisfied by the region B in order
to obtain the eflect of the present mmvention will be
described.

The condition 1 1s preferably any one of the following
conditions 1A to 1C.

<Condition 1A>

When the approximate curve i1s drawn by performing
quadratic function approximation on the central point of
cach of the regions A constituting the region B by a least
squares method in the orthogonal coordinate system 1n

which the axial direction of the electrophotographic photo-
sensitive member 1s the X direction and the circumierential
direction thereof 1s the Y direction, a correlation coeflicient
R 1s 0.7 or more, and

a length of the region B in the Y direction in the
orthogonal coordinate system 1s 3% or more and 7% or less
of a maximum length of the concave portion formation
region 1n the axial direction.

<Condition 1B>

When the approximate curve i1s drawn by performing
quadratic function approximation on the central point of
cach of the regions A constituting the region B by a least
squares method in the orthogonal coordinate system 1n
which the axial direction of the electrophotographic photo-
sensitive member 1s the X direction and the circumierential
direction thereof 1s the Y direction, a correlation coeflicient
R 1s 0.7 or more, and

a length of the region B in the Y direction in the
orthogonal coordinate system 1s 1% or more and 10% or less
of a maximum length of the concave portion formation
region 1n the axial direction.

<Condition 1C=>

When the approximate curve i1s drawn by performing
quadratic function approximation on the central point of
cach of the regions A constituting the region B by a least
squares method in the orthogonal coordinate system 1n
which the axial direction of the electrophotographic photo-
sensitive member 1s the X direction and the circumierential
direction thereot 1s the Y direction, a correlation coeflicient
R 1s 0.5 or more, and

a length of the region B in the Y direction in the
orthogonal coordinate system 1s 1% or more and 10% or less
of a maximum length of the concave portion formation
region 1n the axial direction.
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The condition 1 specifies a shape of the region B. As
described above, 1in the case in which the region B has a
shape close to a quadratic curve, varnation in stress 1n the
longitudinal direction applied to the cleaning blade 1s sup-
pressed. In order to determine whether or not the shape of
the region B 1s 1deal, the approximate curve obtained by
performing quadratic function approximation on the central
point of the region A constituting the region B using the least
squares method 1s evaluated. When the correlation coefli-
cient R obtained from the obtained approximate curve 1s 0.5
or more, the region B 1s a quadratic curve shape, and 1t 1s
casy to obtain the eflect of the present invention.

Further, the length of the region B in the Y direction in the
orthogonal coordinate system indicates a degree of curvature
of the region B. When the length of the region B in the Y
direction 1n the orthogonal coordinate system 1s 1% or more
of the maximum length of the concave portion formation
region 1n the axial direction, the region B 1s sufliciently
curved, such that it 1s easy to obtain the eflect of suppressing
a variation in stress applied to the cleaning blade 1n the
longitudinal direction.

When the length of the region B in the Y direction 1n the
orthogonal coordinate system 1s 10% or less of the maxi-
mum length of the concave portion formation region in the
axial direction, a contact time between the region B and the
cleaning blade 1s shortened, such that stress accumulated 1n
the cleaning blade 1s partially released, whereby it 1s easy to
obtain an eflect of relieving accumulation of stress.

Further, the closer the shape of the region B 1s to a
symmetrical shape with respect to the band YO, the more
difficult 1t 1s for a behavior of the cleaning blade to be
deviated in the longitudinal direction when the cleaning
blade comes into contact with the electrophotographic pho-
tosensitive member, which 1s preferable.

Heremafiter, determination (definition) or the like of the
concave portion and the flat portion on the surface of the
cylindrical electrophotographic photosensitive member
according to the present ivention 1s described.

First, the surface of the cylindrical electrophotographic
photosensitive member 1s enlarged and observed using a
laser microscope capable of obtaining information also 1n a
depth direction. Since the surface (circumierential surface)
of the electrophotographic photosensitive member 1s a
curved surface bent 1n the circumfterential direction, a cross-
sectional profile of the curved surface 1s extracted using
image processing software and an arc 1s fitted to the obtained
cross-sectional profile of the curved surface. An example of
the fitting 1s 1llustrated in FIG. 3. In FIG. 3, a solid line 501
1s the cross-sectional profile of the surface (curved surface)
of the electrophotographic photosensitive member, and a
broken line 502 1s a curve fitted to the cross-sectional profile
501. The cross-sectional profile 301 microscopically has a
concave shape 503 and a convex shape 504 adjacent to the
concave shape 503 that can be formed at the time of forming
the concave shape 503, and portions of the concave shape
503 and the convex shape 504 generate a deviation from the
curve 502 obtained by the fitting. Subsequently, the cross-
sectional profile 501 1s corrected so that the curve 502
becomes a straight line. That 1s, the cross-sectional profile
501 1s corrected so that a circular arc shape as a whole
becomes a straight line. Here, correction 1s not applied to a
shape of portions 1n which the deviation occurs between the
curve 302 and the cross-sectional profile 501, more specifi-
cally, shapes of the cross-sectional profiles of the concave
shape 503 and the convex shape 504 adjacent to the concave
shape 503. That 1s, the concave shape 503 and the convex
shape 3504 adjacent to the concave shape 3503 are not
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changed. A plane obtained by expanding the straight line
obtained by fitting the cross-sectional profile after correction
in the longitudinal direction (direction orthogonal to the
circumierential direction) of the electrophotographic photo-
sensitive member 1s defined as a reference plane.

A plane positioned to be deviated from the obtained
reference plane by 0.2 um 1n a central direction (below the
reference plane) of a cross section ol the electrophoto-
graphic photosensitive member and 1s parallel with the
reference plane i1s defined as a second reference plane. A
portion positioned 1n a direction away from the central
direction of the cross section of the electrophotographic
photosensitive member as compared to the second reference
plane (above the second reference plane) 1s defined as a flat
portion. In description of the concave portion formed on the
surface of the electrophotographic photosensitive member, a
portion positioned in a cylindrical central direction of the
cross section ol the electrophotographic photosensitive
member (below the second reference plane) as compared to
the second reference plane 1s defined as the concave portion.
A distance from the second reference plane to a point of the
concave portion farthest in the central direction of the cross
section of the electrophotographic photosensitive member 1s
defined as a depth of the concave portion. A portion sur-
rounded by a line at which the second reference plane and
the concave portion meet each other 1s defined as an opening,
of the concave portion, and an area of the opening 1s defined
as an opening area of the concave portion. The line sur-
rounding the opening 1s a line at which a recessed portion
comes 1n contact with surrounding flat portions when the
concave portion 1s viewed from directly above the surface of
the electrophotographic photosensitive member.

FIG. 4 schematically shows relationships between the
reference plane 601, the flat portion (above the second
reference plane 602), the cross-sectional profile 604 after
correction, the concave portion 606 and the like as a
determination example of the concave portion.

A shape of the concave portion formed on the surface of
the electrophotographic photosensitive member 1s not par-
ticularly limited. Examples of the shape of the concave
portion are illustrated 1n FIG. 5A. Examples of a shape of the
opening of the concave portion may include a circle, an oval,
a square, a rectangle, a triangle, a pentagon, a hexagon, and
the like. Further, examples of a cross-sectional shape of the
concave portion are illustrated 1in FIG. SB. Examples of the
cross-sectional shape of the concave portion may include a
shape having a curve such as a substantially semicircle
shape, a wave shape having a continuous curve, shapes
having a triangular edge, a tetragonal edge and a polygonal
edge, a shape 1n which a triangular, tetragonal, or polygonal
edge 1s partially or entirely deformed into a curve, and the
like. The plurality of concave portions formed on the surface
of the electrophotographic photosensitive member may have
different shapes, diflerent opening areas, or different depths
from each other and be mixed with each other.

As a method of forming the concave portion on the
surface of the electrophotographic photosensitive member, a
method of press-contacting a mold member having a convex
portion corresponding to a concave portion to be formed
with the surface of the electrophotographic photosensitive
member to transfer the shape may be exemplified.

FIGS. 6 A and 6B 1llustrate an example of a press-contact
shape transfer working device for forming the concave
portion on the surface of an electrophotographic photosen-
sitive member. FIG. 6A 1s a side view illustrating the
press-contact shape transter working device, and FIG. 6B 1s
a top view 1llustrating the press-contact shape transfer
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working device. Further, FIGS. 7A to 7C 1llustrate examples
of the mold member for forming the concave portion on the
surface of the electrophotographic photosensitive member.
FIGS. 7A to 7C are top views schematically illustrating the
mold member for forming the concave portion.

In the press-contact shape transfer working device of
FIGS. 6A and 6B, in order from the closest to the electro-
photographic photosensitive member 1 which 1s a transier
object, a mold member 5, a metal layer 6, an elastic layer 7,
and a positioning member 8 are sequentially disposed on a
support member 9. After an nsertion member 4 1s 1nserted
into the electrophotographic photosensitive member 1 using
the press-contact shape transter working device as described
above, a load 1s applied to the mnsertion member 4, and at the
same time, the mold member 5 1s moved 1n a Y direction
illustrated 1n FIG. 6 A using a slide tool or the like. In this
way, the concave portion may be formed on the surface of
the electrophotographic photosensitive member 1 by con-
tinuously press-contacting the mold member 5 with the
surface (outer peripheral surface) of the electrophotographic
photosensitive member 1 while rotating the electrophoto-
graphic photosensitive member 1. In view of efliciently
performing the shape transfer, it 1s preferable to heat the
mold member 5 or the electrophotographic photosensitive
member 1.

FIGS. 7A to 7C 1llustrates the mold member 5 1n which
a convex-shaped portion for forming the concave portion on
the surface of the electrophotographic photosensitive mem-
ber 1s formed on a flat plate. The mold member 5 of FIG. 7A
has a first convex-shaped part 51 1 which a plurality of
convex-shaped portions are formed over an entire surface at
a predetermined pitch. The mold member 5 of FIGS. 7B and
7C has a first convex-shaped part 51 in which a plurality of
convex-shaped portions are formed at a predetermined pitch.
Further, the mold member 5 of FIGS. 7B and 7C also has a
second convex-shaped part 52 i which a plurality of
convex-shaped portions for forming a shallow concave
portion satisiying the predetermined conditions are formed
over an entire surface at a predetermined pitch. A plurality
of convex-shaped portion having a height lower than that of
the convex-shaped portion formed 1n the first convex-shaped
part 51 are formed 1n the second convex-shaped part 52.

FIGS. 8A and 8B schematically illustrate the convex-
shaped portion formed 1n the first or second convex-shaped
part 51 or 52 of FIGS. 7A to 7C. FIG. 8A 1s a top view, and
FIG. 8B 1s a cross-sectional view taken along line A-A' of
FIG. 8A. A bottom surface of the convex-shaped portion
formed 1n the first or second convex-shaped part 51 or 52,
observed from above can have various shapes. Examples of
a shape of the bottom surface can include a circle, an oval,
a polygon such as a triangle, a tetragon, a hexagon and the
like, shapes obtained by combining a curve with a portion or
the whole of edges or sides of a polygon, and the like.
Further, a cross-sectional shape of the convex-shaped por-
tion may also be various shapes, for example, a shape having
edges such as a triangle, a tetragon, a polygon and the like,
a wave shape composed of a continuous curve, shapes
obtained by combining a curve with a portion or the whole
of edges of the triangle, the tetragon, or the polygon, and the
like.

As the mold member 5, a finely surface-treated metal or
resin {1lm, a silicon waler having a surface patterned with a
resist, a resin film 1n which fine particles are dispersed, or a
resin film having a fine surface shape on which a metal
coating 1s performed can be mentioned.

The electrophotographic photosensitive member 1
according to the present invention i which the specific
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concave portion 1s formed can be manufactured by continu-
ously press-contacting the mold member 5 of FIGS. 7B and
7C with the electrophotographic photosensitive member 1 at
a uniform pressure. Further, 1n the case of using the mold
member of FIGS. 7B and 7C, a concave portion shallower
than the surroundings 1s formed by the second convex-
shaped part 52. Further, the electrophotographic photosen-
sitive member according to the present mvention can be
manufactured using the mold member having only the first
convex-shaped part 51 illustrated mm FIG. 7A 1 which
convex-shaped portions having the same height are formed.
More specifically, the electrophotographic photosensitive
member according to the present invention in which the
specific concave portion 1s formed can be manufactured by
a method of adjusting a load or movement speed at the time
ol separating the electrophotographic photosensitive mem-
ber 1 and the mold member 5 from each other. As the method
of adjusting a load, for example, at the time of forming a
shape, an operation of separating the electrophotographic
photosensitive member 1 from the mold member 5 can be
initiated before the movement of the mold member 1is
stopped.

As a method of forming concave and convex shapes on
the surface of the electrophotographic photosensitive mem-
ber, particularly, as a method for mass-production, the
following method can be used. That 1s, a method of press-
contacting the electrophotographic photosensitive member
on a surface of a mold member to form a shape using a mold
unit including a mold member having a convex shape on a
surface thereot, a metal member, and an elastic member can
be used. In this method, the concavo-convex shape of the
mold member 1s transierred to the surface of the electro-
photographic photosensitive member by moving at least one
of the electrophotographic photosensitive member and the
mold member while pressing the electrophotographic pho-
tosensitive member against the mold member. Here, the
clastic member 1s deformed by a pressing force from the
clectrophotographic photosensitive member. Since this
deformation occurs sequentially from an upstream toward a
downstream in a shape transier direction 1n accordance with
the movement of the mold member or the electrophoto-
graphic photosensitive member, the elastic member receives
a force 1n the downstream direction of shape transfer and 1s
slightly moved.

Each member constituting the mold unit may be fixed and
used by a method such as screw fastening, or the like,
thereby corresponding to mass-production. However, 1t 1s
dificult to completely fix the elastic member, 1t 1s necessary
to consider slight movement of the elastic member from the
upstream direction of processing to the downstream direc-
tion 1 accordance with the shape transfer as described
above. Correspondingly, in order to minimize the movement
of the elastic member, it 1s preferable to form an abutting
member on the downstream side i1n the shape transier
direction, but as long as processing 1s continued even after
the elastic member comes in contact with the abutting
member, movement of the elastic member 1s not stopped.
Eventually, a density of the elastic member in the vicinity of
the abutting member 1s increased, such that 1t 1s diflicult to
obtain an eflect as the elastic member.

In order to solve this problem, 1t 1s effective to intermit-
tently contact the elastic member and the abutting member
with each other 1n a direction orthogonal to the shape
transfer direction. In this way, 1t 1s possible to alleviate
compression occurring between the elastic member and the
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abutting member due to the pressing force, thereby making
it possible to suppress an increase 1n elastic modulus of the
clastic member.

Further, as another method for solving the above-men-
tioned problem, a method of lowering an elastic modulus of
a surface of the mold unit 1n the vicinity of the abutting
member 1s ellective. By lowering the elastic modulus of the
surface of the mold unit i the vicimty of the abutting
member, 1t 15 possible to alleviate compression occurring
between the elastic member and the abutting member when
the electrophotographic photosensitive member 1s pressed
against the surface of the mold unit. As a method of lowering
elastic modulus of the surface of the mold unit, 1t 1s
preferable to use an elastic material having a low elastic
modulus.

Further, 1n mass production, another method of alleviating,
compression between an elastic layer and the abutting
member by repeated slight movement of the elastic layer
from the upstream direction of the processing toward the
downstream direction 1n accordance with the shape transfer
will be described. That 1s, this method 1s a method of
increasing slidability between the elastic layer and a member
in contact with the elastic layer to promote the movement
from the downstream direction of the processing to the
upstream direction of the processing using a reaction force
from the abutting member and to maintain the elastic
modulus of the elastic layer to be constant.

To this end, a mold unit as illustrated in FIGS. 12A to 12C
1s used. The mold member § and the positioning member 8
come 1n indirect contact with each other via an annular
member 31 to form a depressurizable space 30. A member
A32 1s amember that volatilizes a lubricant ingredient under
a reduced pressure environment and i1s disposed 1n the
depressurizable space. The lubricant ingredient may be a
liquid, but 1s preferably lubricating o1l, and more preferably
silicone based lubricating oi1l. As the member A32, for
example, a silicone resin or the like prepared by lowering a
secondary vulcanization temperature and increasing an
amount of remaining low-molecular siloxane 1s preferable.
An elastic layer 7 1s disposed 1n the annular member 31 to
come 1n contact with the mold member 5 and the positioning
member 8. In order to describe the depressurizable space 30,
a mold unit in which the metal layer 6 and the elastic layer
7 are omitted 1s 1llustrated 1n FIG. 12C. Further, the depres-
surizable space 30 1s depressurized from the suction port 42
using a suction pump (not shown) to set a negative pressure
with respect to the atmospheric pressure. The depressurized
state at this time 15 expressed as degree of vacuum depend-
ing on the value displayed on the differential pressure gauge
41. Here, the lubricant ingredient volatilizes from the mem-
ber A32 and adheres to a surface of each of the members in
the mold umt. Therefore, it 1s possible to enhance slidability
between the elastic layer 7 and the member coming in
contact with the elastic laver.

Further, as a technology for forming the concavo-convex
shape on the surface of the electrophotographic photosen-
sitive member, as described above, conditions such as a
temperature of the electrophotographic photosensitive mem-
ber or the mold member, a pressure for pressing the elec-
trophotographic photosensitive member against the mold
member are important. Among them, the temperature of the
clectrophotographic photosensitive member or the mold
member 1s particularly important in that the temperature has
a large influence on controlling a depth of the concavo-
convex shape formed on the surface of the electrophoto-
graphic photosensitive member. In addition, since the sur-
tace of the electrophotographic photosensitive member 1s a
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resin film, the temperature of the electrophotographic pho-
tosensitive member can be measured using a radiation
thermometer or the like. On the other hand, since the mold
member 1s required to have a certain strength and durability,
it 1s preferable that the mold member 1s made of a metal
material containing 1ron, stainless steel, nickel or the like, as
a main ingredient, and these materials have low surface
emissivity, such that It i1s diflicult to use the radiation
thermometer described above. Further, although it 1s pos-
sible to accurately measure the temperature by using a
contact-type measuring element such as a thermocouple,
there 1s a risk that the measuring element will come 1n direct
contact with the surface of the mold member to cause a trace
ol a shape to remain on the surface of the mold member.

Here, a method of specifying a surtace temperature of the
mold member 1n the process 1s described. In the description,
a process model consisting of an 1nsert temperature reaching
step, an 1nsert mserting step, a transierring step, an insert
separating step, and an 1nsert temperature measuring step 1s
used. The 1insert temperature reaching step 1s a step of
adjusting a temperature of an insert mnserted nto the elec-
trophotographic photosensitive member to a desired tem-
perature. The 1nsert inserting step 1s a step of 1nserting the
insert into the cylindrical electrophotographic photosensi-
tive member. The transferring step 1s a step of contacting a
mold member having a concavo-convex shape on 1ts surface
(hereinaftter, also simply referred to as “mold member™) with
the surface of the electrophotographic photosensitive mem-
ber supported by the insert inserted thereinto 1n a state in
which the temperature of the mold member 1s adjusted to the
desired temperature. In this step, the concave-convex shape
of the mold member 1s transferred to the surface of the
clectrophotographic photosensitive member. The 1nsert
separating step 1s a step of taking out and separating the
insert from the electrophotographic photosensitive member.
The insert temperature measuring step 1s a step ol measuring
a temperature of the insert.

The surface temperature of the mold member 1s Tm © C.,
a reaching temperature of the insert 1in the msert temperature
reaching step 1s T1° C., and a temperature of the insert in the
insert temperature measuring step 1s 12° C. Further, a time
taken from the insert temperature reaching step to the insert
inserting step 1s t1 sec, and a time taken from the insert
inserting step to the transtferring step 1s t2 sec. A time taken
from the transierring step to the insert separating step 1s t3
sec, and a time taken from the insert separating step to the
isert temperature measuring step 1s t4 sec. Further, a
temperature change rate of the insert at t1 sec 1s A1° C./sec,
a temperature change rate of the insert at {2 sec 1s A2° C./sec,
a temperature change rate of the insert at t3 sec 1s A3° C./sec,
and a temperature change rate of the insert at t4 sec 1s A4°
C./sec. Each of the temperature change rates 1s an absolute
value. Further, when a ratio of a difference between the
surface temperature of the mold member and the tempera-
ture of the insert to a temperature change amount of the
insert by the transferring in the transierring step 1s R, the
surface temperature of the mold member can be specified as
follows:

Tm=T2+13x A3+iAxAd+(T2+13x A3+14x A4~ (T1—(1x
A1+2xA2)))xR.

This calculation 1s based on the i1dea that the temperature
of the mold member 1s specified by obtaining a change
amount of the temperature of the insert mainly changed by
the contact with the mold member while accompanying the
clectrophotographic photosensitive member 1n the transier-
ring step. For this reason, the first half of the equation
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(T2+13xA3+t4xA4) 1s an equation for calculating the tem-
perature immediately after the insert comes into contact with
the mold member while companying with the electropho-
tographic photosensitive member. Further, in the first half,
t3xA3+t4xA4 1s to calculate a loss amount in the tempera-
ture of the msert up to the 1nsert temperature measuring step
alter the transferring step 1s terminated. This temperature 1s
a temperature to be interpolated in order to specily the
temperature of the isert immediately after contact with the
mold member. The second half (T1-(t1xAl1+t2xA2)) 1s an
equation for calculating a temperature of the mnsert imme-
diately before the insert comes in contact with the mold
member while accompanying the electrophotographic pho-
tosensitive member. Further, 1n the second half, (t1xA1+t2x
A2) 1s to calculate a loss amount in the temperature of the
isert up to the transierring step after the insert temperature
reaching step 1s terminated. This temperature 1s a tempera-
ture to be 1nterpolated 1n order to specily the temperature of
the 1insert immediately before contact with the mold mem-
ber. In addition, a change amount of the temperature of the
insert calculated as described above and changed by a
contact with the mold member while accompanying the
clectrophotographic photosensitive member in the transfer-
ring step 1s multiplied by the ratio R of the temperature
change of the msert and the mold member by the transfer-
ring. Further, the surface temperature of the mold member
can be specified by adding the diflerence between the
obtained temperature of the insert and the surface tempera-
ture of the mold member to the insert.

<Configuration of FElectrophotographic Photosensitive
Member=>

The cylindrical electrophotographic photosensitive mem-
ber according to the present invention includes a support and
a photosensitive layer formed on the support. Examples of
the photosensitive layer may include a mono-layer photo-
sensitive member containing a charge transporting material
and a charge generating material 1n the same layer and a
multilayer type (function separation type) photosensitive
layer divided into a charge generating layer containing a
charge generating material and a charge transporting layer
containing a charge transporting material. In view of elec-
trophotographic characteristics, the multilayer type photo-
sensitive layer 1s preferable. Further, the charge generating

layer may have a multilayer structure or the charge trans-
porting layer may have a multilayer structure.

As the support, a support having conductivity (conductive
support) 1s preferable. Examples of a material of the support
can include metals (alloys) such as 1ron, copper, gold, silver,
aluminum, zinc, titanium, lead, nickel, tin, antimony,
indium, chromium, an aluminum alloy, stainless steel and
the like. In addition, 1t 1s also possible to use a metal support
or a plastic support having a film formed by vacuum
deposition using aluminum, an aluminum alloy, an indium
oxide-tin oxide alloy or the like. Further, it 1s also possible
to use a support obtained by impregnating conductive par-
ticles such as carbon black, tin oxide particles, titanium
oxide particles, silver particles or the like into plastic or
paper, or a support made of a conductive binder resin.

A surface of the support may be subject to cutting
treatment, rougheming treatment, alumite treatment or the
like for the purpose of suppressing interference fringes due
to scattering of laser light.

An electroconductive layer may be formed between the
support and an undercoat layer or photosensitive layer (a
charge generating layer, a charge transporting layer) to be
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described below, for the purpose of suppressing interference
fringes by scattering of laser light and coating scratches on
the support.

The electroconductive layer can be formed by coating a
coating liquid for an electroconductive layer obtained by
dispersing conductive particles together with a binder resin
and a solvent to form a coating film and drying and/or curing
the obtained coating film.

Examples of the conductive particles used 1n the electro-
conductive layer can include carbon black particles, acety-
lene black particles, metal particles made of aluminum,
nickel, 1ron, nichrome, copper, zinc, silver or the like, and
metal oxide particles made of zinc oxide, titanium oxide, tin
oxide, antinomy oxide, indium oxide, bismuth oxide, ITO
and the like. Further, indium oxide doped with tin or tin
oxide doped with antimony or tantalum may also be used.

As the solvent of the coating liquid for an electroconduc-
tive layer, ether based solvents, alcohol based solvents,
ketone based solvents, aromatic hydrocarbon solvents and
the like can be used. A film thickness of the electroconduc-
tive layer 1s preferably 0.1 um or more and 350 um or less,
more preferably 0.5 um or more and 40 um or less and
turther more preferably 1 um or more and 30 um or less.

Examples of the binder resin used 1n the electroconduc-
tive layer can include polymers and copolymers of vinyl
compounds such as styrene, vinyl acetate, vinyl chloride,
acrylic acid esters, methacrylic acid esters, vinylidene fluo-
ride, trifluoroethylene and the like, polyvinyl alcohol resins,
polyvinyl acetal resins, polycarbonate resins, polyester res-
ins, polysulfone resins, polyphenylene oxide resins, poly-
urethane resins, cellulose resins, phenolic resins, melamine
resins, silicon resins, epoxy resins, and 1socyanate resins.

An undercoat layer (intermediate layer) may be formed
between the support or the electroconductive layer and the
photosensitive layer (charge generating layer and charge
transporting layer).

The undercoat layer can be formed by applying a coating
liquid for an undercoat layer obtained by dissolving a binder
resin 1 a solvent to form a coating film and drying the
obtained coating film.

Examples of the binder resin used for the undercoat layer
can 1nclude polyvinyl alcohol resins, poly-N-vinylimida-
zole, polyethylene oxide resins, ethylcellulose, ethylene-
acrylic acid copolymers, casein, polyamide resins,
N-methoxymethylated 6 nylon resins copolymerized nylon
resins, phenolic resins, polyurethane resins, epoxy resins,
acrylic resins, melamine resins, and polyester resins.

The undercoat layer may further contain metal oxide
particles. Examples of the metal oxide particles can include
particles containing titanium oxide, zinc oxide, tin oxide,
zircontum oxide and aluminum oxide. Further, the metal
oxide particles may be metal oxide particles having surfaces
treated with a surface treating agent such as a silane coupling,
agent or the like.

As the solvent used in the coating liquid for an undercoat
layer, organic solvents such as alcohol based solvents,
sulfoxide based solvents, ketone based solvents, ether based
solvents, ester based solvents, aliphatic halogenated hydro-
carbon based solvents, aromatic compounds and the like. A
film thickness of the undercoat layer 1s preferably 0.05 um
or more and 30 um or less, and more preferably 1 um or
more and 25 um or less. The undercoat layer may further
contain organic resin fine particles or a leveling agent.

Examples of the charge generating material used in the
photosensitive layer can include pyrylium, thiapyrylium
dyes, phthalocyanine pigments, anthanthrone pigments,
dibenzopyrene quinone pigments, pyranthrone pigments,

10

15

20

25

30

35

40

45

50

55

60

65

20

azo pigments, indigo pigments, quinacridone pigments,
asymmetric quinocyanine pigments, quinocyanine pigments
and the like. One of these charge generating materials may
be used alone or two or more thereol may also be used.

Examples of the charge transporting material used in the
photosensitive layer can include hydrazone compounds,
N,N-dialkylaniline compounds, diphenylamine compounds,
triphenylamine compounds, triphenylmethane compounds,
pyrazoline compounds, styryl compounds, stilbene com-
pounds and the like.

When the photosensitive layer 1s the multilayer type
photosensitive layer, the charge generating layer can be
formed by applying a coating liquid for a charge generating
layer obtained by dispersing the charge generating material
together with a binder resin and a solvent to form a coating
film and drying the obtained coating film. A mass ratio of the
charge generating material and the binder resin 1s preferably
in a range of 1:0.3 to 1:4.

Examples of a dispersion treatment method can include
methods using a homogenizer, ultrasonic dispersion, a ball
mill, a vibrating ball mill, a sand mill, an attritor, a roll mull
and the like.

The charge transporting layer can be formed by applying
a coating liquid for a charge transporting layer obtained by
dissolving a charge transporting material and a binder resin
in a solvent to form a coating film and drying the formed
coating film.

Examples of the binder resin used in the charge generating,
layer and the charge transporting layer can include polymers
of vinyl compounds, polyvinyl alcohol, polyvinyl acetal,
polycarbonate, polyester, poly sulione, polyphenylene
oxide, polyurethane, cellulose resins, phenolic resins,
melamine resins, silicon resins, epoxy resins and the like.

A film thickness of the charge generating layer 1s prefer-
ably 5 um or less, and more preferably 0.1 um or more and
2 um or less.

A film thickness of the charge transporting layer is pret-
erably 5 um or more and 50 um or less, and more preferably
10 um or more and 35 um or less.

Further, a protective layer containing conductive particles
or a charge transporting material and a binder resin may be
formed on the photosensitive layer (the charge transporting
layer 1n the case of the multilayer photosensitive layer). In
the case in which the protective layer 1s formed, the protec-
tive layer 1s a surface layer, and 1n the case 1n which the
protective layer 1s not formed, the photosensitive layer 1s a
surface layer. The protective layer may further contain an
additive such as a lubricant and the like. Further, the resin
(binder resin) itself of the protective layer may have con-
ductivity or a charge transporting property. In this case, the
protective layer may not contain conductive particles or a
charge transporting material other than the corresponding
resin. Further, the binder resin of the protective layer may be
a thermoplastic resin or a curable resin obtained by curing
with heat, light or radiation (electron beam or the like). A
film thickness of the protective layer 1s preferably 0.1 um or
more and 30 um or less, and more preferably 1 um or more
and 10 um or less.

An additive can be added to each of the layers of the
clectrophotographic photosensitive member. Examples of
the additive can include deterioration inhibitors such as
antioxidants and ultraviolet absorbers, organic resin par-
ticles such as fluorine atom-containing resin particles and
acrylic resin particles, 1norganic particles such as silica,
titanium oxide and alumina and the like.
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<Conlfigurations ol Process Cartridge and Electrophoto-
graphic Apparatus>

FIG. 9 1llustrates an example of an electrophotographic
apparatus including a process cartridge having the electro-
photographic photosensitive member according to the pres-
ent 1nvention.

In FIG. 9, a cylindrical electrophotographic photosensi-
tive member 201 according to the present invention is driven
to rotate around an axis 202 in an arrow direction at a
predetermined peripheral speed (process speed). A surface
of the electrophotographic photosensitive member 201 1is
uniformly charged to a predetermined positive or negative
potential by a charging unit 203 (primary charging unit: for
example, a charging roller or the like) 1n a rotating process.
Subsequently, the uniformly charged surface of the electro-
photographic photosensitive member 201 receives exposure
light (image exposure light) 204 irradiated from an exposing
unit (1mage exposure unit, not illustrated). In this way, an
clectrostatic latent 1mage corresponding to target image
information 1s formed on the surface of the electrophoto-
graphic photosensitive member 201.

In the present invention, the eflect i1s particularly large in
the case of using a charging umt utilizing discharge.

Then, the electrostatic latent image formed on the surface
of the electrophotographic photosensitive member 201 1s
developed (normally developed or reversely developed) to a
toner of a developing unit 205 to form a toner 1mage. The
toner 1mage formed on the surface of the electrophoto-
graphic photosensitive member 201 1s transferred to a trans-
fer material P by a transier bias from a transierring unit 206
(for example, transferring roller and the like). Here, the
transfer material P 1s taken out from a transfer material
supplying unit (not 1llustrated) to thereby be fed in sync with
the rotation of the electrophotographic photosensitive mem-
ber 201 between the electrophotographic photosensitive
member 201 and the transierring unit 206 (contact portion).
Further, a bias voltage having a polarity opposite to that of
charges of toner 1s applied to the transierring unit from a bias
power source (not illustrated).

The transier material P to which the toner 1image has been
transierred 1s separated from the surface of the electropho-
tographic photosensitive member, conveyed to a fixing unit
208, and subjected to fixing processing of the toner image,
such that the transfer material P 1s printed out as an 1image
formation object (print or copy) outside the electrophoto-
graphic apparatus.

After transferring the toner image, adhered substances
such as transter residual toner or the like on the surface of
the electrophotographic photosensitive member 201 1s
removed by a cleaning unit 207 having a cleaning blade,
such that the surface of the electrophotographic photosen-
sitive member 201 1s cleaned. Further, the cleaning blade 1s
disposed to contact (abuts) substantially the entire surface of
the electrophotographic photosensitive member 201 i a
generatrix direction of the electrophotographic photosensi-
tive member 201. Further, the cleaned surface of the elec-
trophotographic photosensitive member 201 1s subjected to
charge elimination treatment by pre-exposure light (not
shown) from a pre-exposing unit (not shown), and then
repeatedly used for image formation. Further, as illustrated
in FIG. 9, when the charging unit 203 1s a contact charging
unit using a charging roller or the like, the pre-exposing unit
1s not necessarily required. In the present invention, since
the specific electrophotographic photosensitive member 201
1s used, a friction force between the surface of the electro-
photographic photosensitive member and the cleanming blade
1s reduced, thereby making 1t possible to suppress abrasion
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of a tip of the cleaning blade and maintain satisfactory
cleaning performance for a long period of time.

In the present invention, a plurality of constitution com-
ponents selected from the electrophotographic photosensi-
tive member 201, the charging unit 203, the developing unit
203, the transterring unit 206, the cleaning unit 207 and the
like are accommodated in a container to thereby be inte-
grally supported as a process cartridge. In addition, this
process cartridge can be detachably attached to a main body
of the electrophotographic apparatus such as a copying
machine or a laser beam printer. In FIG. 9, the electropho-
tographic photosensitive member 201, the charging unit 203,
the developing unit 205, and the cleaning umt 207 are
integrally supported 1n a cartridge form, thereby constituting
a process cartridge 209 detachably attached to the main body
ol the electrophotographic apparatus using a guide unit 210
such as a rail of the main body of the electrophotographic
apparatus.

The exposure light 204 1s reflected light or transmitted
light from the document when the electrophotographic appa-
ratus 1s a copying machine or a printer. Alternatively, the
exposure light 204 1s light irradiated by reading a document
with a sensor, converting 1t into a signal, scanning a laser
beam depending on this signal, dniving an LED array or a
liquad crystal shutter array, or the like.

According to the present invention, the electrophoto-
graphic photosensitive member capable of reducing the
frictional force between the surface of the electrophoto-
graphic photosensitive member and the cleaning blade and
equalizing the stress applied to the cleanming blade to thereby
extend the lifespan of the cleaning blade, the process car-
tridge, and the electrophotographic apparatus 1s provided.

Heremaftter, the present invention 1s described in more
detail with respect to specific Examples. Further, the term
“part” 1n Examples means “parts by mass”. In addition,
heremnafter, an electrophotographic photosensitive member
1s also simply referred to as a “photosensitive member”.

(Preparation Example of Photosensitive Member)

An aluminum cylinder having a diameter of 29.92 mm
and a length of 357.5 mm was used as a cylindrical substrate
2 (cylindrical support).

Next, as the metal oxides, 100 parts of zinc oxide particles
(specific surface area: 19 m*/g, powder resistance: 4.7x106
(2-cm) were mixed and stirred with 500 parts of toluene. To
this mixture, 0.8 parts of a silane coupling agent (compound
name: N-2-(aminoethyl)-3-aminopropylmethyl dimethox-
ysilane, trade name: KBM602, manufactured by Shin-Etsu
Chemical Co., Ltd.) was added, followed by stirring for 6
hours. Thereafter, toluene was evaporated off under reduced
pressure and dried by heating at 130° C. for 6 hours, thereby
obtaining surface-treated zinc oxide particles.

Next, 15 parts of a butyral resin (trade name: BM-1,
manufactured by Sekiswm1 Chemical Co., Ltd.) as a polyol
resin and 15 parts of blocked isocyanate (trade name:
Sumidur 3175, manufactured by Sumitomo Bayern Ure-
thane Co., Ltd.) were prepared. These materials were dis-
solved 1n a mixed solution of 73.5 parts of methyl ethyl
ketone and 73.5 parts of 1-butanol. To this solution, 80.8
parts of the surface-treated zinc oxide particles and 0.8 parts
of 2,3.,4-trihydroxybenzophenone (manufactured by Tokyo
Chemical Industry Co., Ltd.) were added, and the mixture
was dispersed with a sand mill apparatus using glass beads
having a diameter of 0.8 mm at 23+3° C. for 3 hours. After

dispersion, 0.01 part of silicone o1l (trade name: SH28PA,
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manufactured by Dow Corning Toray Silicone Co., Ltd.) and
5.6 parts of crosslinked polymethyl methacrylate (PMMA)
particles (trade name: TECHPOLYMER SSX-102, manu-
factured by Sekisui Plastics Co., Ltd., average primary
particle size: 2.5 um) were added thereto and stirred there-
with, thereby preparing a coating liquid for an undercoat
layer. This coating liquid for an undercoat layer was dip-
coated on the cylindrical substrate 2 and the obtained
coating film was dried at 160° C. for 40 minutes, thereby
forming an undercoat layer having a film thickness o1 18 um.

Next, 20 parts of a crystalline hydroxygalllum phthalo-

cyanine crystal (charge generating material) having strong
peaks at Bragg angles (28+0.2°) of 7.4° and 28.2° 1n the
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CuKa characteristic X-ray diflraction, 0.2 parts of a calix-
arene compound represented by the following Structural
Formula (A), 10 parts of polyvinyl butyral (trade name:
S-LEC BX-1, manufactured by Sekisui Chemical Co., Ltd.),
and 600 parts of cyclohexanone were prepared. Alter these
materials were placed m a sand mill using glass beads
having a diameter of 1 mm and dispersed for 4 hour, 700
parts of ethyl acetate were added thereto, thereby preparing
a coating liquid for a charge generating layer. This coating
liguid for a charge generating layer was dip-coated on the
undercoat layer, and the obtained coating film was dried at
80° C. for 15 minutes, thereby forming a charge generating
layer having a film thickness of 0.17 um.
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Next, 30 parts of a compound (charge transporting mate-
rial) represented by the following Structural Formula (B), 60
parts of parts of a compound (charge transporting material)
represented by the following Structural Formula (C) 10 parts
of a compound represented by the following Structural
Formula (D), 100 parts of a polycarbonate resin (trade name:
Iupilon Z400, manufactured by Mitsubishi Engineering-
Plastics Corporation, bisphenol Z type polycarbonate), and
0.02 parts of polycarbonate (viscosity average molecular
weight Mv: 20000) represented by the following Structural
Formula (E) were prepared. These materials were dissolved
in a mixed solvent of 600 parts of mixed xylene and 200
parts of dimethoxymethane, thereby preparing a coating
liquid for a charge transporting layer. This coating liquid for
a charge transporting layer was dip-coated on the charge
generating layer, and the obtained coating film was dried at
100° C. for 30 minutes, thereby forming a charge transport-
ing layer having a film thickness of 18 um.
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-continued
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(In Formula (E), 0.95 and 0.05 are molar ratios (copoly-
merization ratios) of two structural units.)

Next, a mixed solvent of 20 parts of 1,1,2,2,3,3,4-hepta-
fluorocyclopentane (trade name: Zeolora H, manufactured
by Zeon Corporation) and 20 parts of 1-propanol was
filtered with a polyflon filter (trade name: PF-040, manu-
factured by Advantec Tovo Kaisha, Ltd.). Thereafter, 90
parts of a hole transporting compound (charge transporting,
material) represented by the following Structural Formula
(F), 70 parts of 1,1,2,2,3,3,4-heptatluorocyclopentane and
70 parts of 1-propanol were added to the mixed solvent. The
resultant was filtered with a polyflon filter (trade name:
PF-020, manufactured by Advantec Toyo Kaisha, Ltd.),
thereby preparing a coating liqmd for a second charge
transporting layer (protective layer). This coating liquid for
a second charge transporting layer was dip-coated on the
charge transporting layer, and the obtained coating film was
dried at 50° C. for 6 minutes in the air. Thereafter, while
rotating the support (irradiated object) at 200 rpm under a
nitrogen atmosphere, the coating film was irradiated with an
clectron beam for 1.6 seconds under conditions of an accel-
eration voltage of 70 kV and an absorption dose of 8000 Gy.
Subsequently, the temperature was raised from 25° C. to
125° C. under the mitrogen atmosphere over 30 seconds to
heat the coating film. At the time of irradiating the electron
beam and heating, a concentration of oxygen 1n the atmo-
sphere was 15 ppm. Next, heat treatment was performed
thereon 1n the air at 100° C. for 30 minutes, thereby forming,
a second charge transporting layer (protective layer) having
a film thickness of 5 um and cured by the electron beam.
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The coating films of all the layers coated 1n the prepara-
tion 1n the present Examples were released using a solvent
at the lower end 1n a coating pulling direction at the end of
cach coating step. Further, coating regions of all the layers
were made 1 mm from an upper end portion of the cylin-
drical substrate 2 and 1 mm from a lower end portion 1n the
coating pulling direction.

In this way, a cylindrical electrophotographic photosen-
sitive member (electrophotographic photosensitive member
before forming a shape) before forming a shape on a surface
thereol was manufactured.

Example 1

(Surface Processing)

An 1nsertion member 4 as illustrated in FIG. 6 A was
inserted into the cylindrical electrophotographic photosen-
sitive member 1 obtained as described above 1n a state 1n
which the insertion member was heated to 55° C. 1n advance.
At the time of 1nsertion, the insertion member 4 was inserted
so that a central position of the electrophotographic photo-
sensitive member 1 in an axial direction and a central
position of the insertion member 4 coincided with each
other. As a material of the insertion member, cemented
carbide mainly made of tungsten carbide and having a
longitudinal elastic modulus of 540x103 N/mm* was used.

On a support member 9, the members were arranged 1n
the order of a mold member 5, a metal layer 6, an elastic
layer 7, and a positioning member 8 1n order from the closest
to the electrophotographic photosensitive member 1 which
1s the transfer object. A material of the support member 9
was SUS430, and a heater for heating was stalled 1nside.
Further, a slide mechanism moving the Y direction of FIG.
6 A was 1nstalled in the support member 9. Electroless nickel
plating was performed on a surface of a plate (thickness: 6
mm) made of SS400, and this plate was used as the
positioning member 8. As the elastic layer 7, silicone rubber
having a thickness of 8 mm was used. As the metal layer 6,
a flat plate having a thickness of 2 mm and made of
SUS301CSP-3/4H was used.

Here, the mold member 5 used in Example 1s described.
As the mold member 3, a flat plate mold having a thickness
of 300 um and made of nickel as illustrated 1n FIGS. 7A to

7C was used. Further, on a surface of the mold member 5
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coming in contact with the electrophotographic photosensi-
tive member 1, 1llustrated in FIGS. 7A to 7C, first convex-
shaped parts 51 and second convex-shaped parts 52 to be

described below were formed at positions illustrated 1n
FIGS. 7B and 7C, respectively. Further, all of the mold

members 5 were used in a state 1 which a longitudinal
direction of the mold member 5 illustrated 1n the drawing
was placed 1n the axial direction of the electrophotographic
photosensitive member, and a length of the first convex-
shaped part 31 in the longitudinal direction was 345 mm. In
addition, a length of the first convex-shaped part 51 1llus-
trated in FIG. 7A 1n a transverse direction was 100 mm.
Further, a length of the first convex-shaped part 51 including
the second convex-shaped part 52 illustrated 1n FIGS. 7B
and 7C 1n the transverse direction was 100 mm.

In Example 1, the mold member 5 illustrated 1n FIG. 7B
was used, and a first convex-shaped part 531 and a second
convex-shaped part 52, in which a convex hemispherical
shape as 1illustrated 1n FIG. 7A was continuously provided
over the entire surface, were disposed together on a surface
of the mold member 5. A pitch X1 of all the hemispherical
shapes of the first convex-shaped part 51 was 357 um. In
addition, a diameter Y1 of all the hemispherical shapes of
the first convex-shaped part 51 was 50 um, and a height Z1
thereotf was 1.6 um.

A pitch X2 of all the hemispherical shapes 1n a section of
the second convex-shaped part 52 was 57 um. In addition, a
diameter Y2 of all the hemispherical shapes of the second
convex-shaped part 52 was 50 um. Further, a height Z2 of
the hemispherical shape of the second convex-shaped part
52 was 0.5 um. The second convex-shaped part 52, which
was an arc shaped section of a perfect circle with a radius of
1000 mm and a center angle of 19.87 degrees, was an arc of
which a chord length 53 was 345 mm and a height 54 was
14.99 mm, and a width 58 of the second convex-shaped part
was 200 um.

These members were fixed 1 a positional relationship
illustrated in FIG. 6 A. Further, the mold member 5 was fixed
in a direction 1n which a left side illustrated 1n FIG. 7B was
positioned on a left side in FIGS. 6A and 6B. Further, the
mold member 5 was positioned so that in the axial direction
of the electrophotographic photosensitive member 1 of FIG.
6B, both ends of the first and second convex-shaped parts 51
and 52 were positioned toward a central side of the electro-
photographic photosensitive member 1 by 5.25 mm, respec-
tively, with respect to the surface layer 3 of the electropho-
tographic photosensitive member 1. In addition, a
temperature of the surface of the mold member 35 was raised
to 150° C. using the heater of the support member 9 1n a state
in which an upper surface was set substantially horizontal.

In order to press the surface of the electrophotographic
photosensitive member 1 against the mold member 3, a load
mechanism (not 1llustrated) was provided at both end por-
tions of the msertion member 4. Each load mechanism was
provided with a guide rail and a ball screw 1n a vertical
direction, and a connection support member connected to
the ball screw and the guide rail and moving up and down
was provided. A servomotor was connected to a lower side
of the ball screw and rotated so that the connection support
member was moved up and down along the guide rail. The
connection support member and an end portion of the
insertion member 4 were connected by a spherical joint.
Further, the spherical joint and the connection support
member were connected via a load cell so that a load amount
applied to each of both ends of the insertion member 4 could
be monitored.
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In the processing of the electrophotographic photosensi-
tive member 1, the electrophotographic photosensitive
member 1 was pressed against the mold member 3 using the
load mechanism, and the mold member 5 was moved 1n the
Y direction illustrated 1in FIG. 6 A by the slide mechanism.
Theretfore, while rolling the electrophotographic photosen-
sitive member 1, a shape of the mold member 5 was
transierred onto the surface of the electrophotographic pho-
tosensitive member.

In the processing, first, a position of the support member
9 was adjusted so that a left end portion of the first
convex-shaped part 51 of the mold member 5 1llustrated 1n
FIGS. 7A to 7C was positioned just under the electropho-
tographic photosensitive member 1. Next, the insertion
member 4 was moved in a direction toward the mold
member 5 at a speed of 20 mm/sec (Vz1) by rotating the
servomotor of the load mechanism. Thereafter, movement of
the load mechanism was stopped at a point 1n time at which
it was detected that the electrophotographic photosensitive
member 1 came 1n contact with the mold member 5 and the
load amount applied to the isertion member 4 by the load
cell reached 6000 N. Next, the support member 9 was started
to move at a speed of 10 mm/sec 1n the Y direction of FIG.
6 A, and thus, the electrophotographic photosensitive mem-
ber 1 was rotated in a clockwise direction as 1illustrated in
FIG. 6A. In this manner, convex-shaped portions of the
surface of the mold member 5 were transterred to the surface
of the electrophotographic photosensitive member 1. Fur-
ther, while maintaining that state, the slide mechanism was
stopped when the slide mechanism was moved by 95 mm.
Thereatter the insertion member 4 was moved at a speed of
20 mm/sec by the load mechanism 1n a direction in which
the 1nsertion member 1s spaced apart from the mold member
5, thereby separating the electrophotographic photosensitive
member 1 and the mold member 5 from each other. Concave
portions corresponding to the convex-shaped portions on the
surface of the mold member 5 were formed on the surface
of the electrophotographic photosensitive member 1 by
transterring the convex-shaped portions on the surface of the
mold member 5 to the surface of the electrophotographic
photosensitive member 1 while rolling the electrophoto-
graphic photosensitive member 1 as described above. A
cylindrical electrophotographic photosensitive member 1n
which the concave portions were formed on the surface
thereol was manufactured by the method as described above.

(Measurement of Processing Result)

Continuously, a depth and an area ratio of the concave
portions formed on the surface of the electrophotographic
photosensitive member 1 processed as described above were
measured. A measurement method 1s described below.

A surface of the obtained electrophotographic photosen-
sitive member was magnified and observed by a 50x lens
with a laser microscope (trade name: VK-9500, manufac-
tured by Keyence Corporation), and determination on the
concave portions and the flat portions on the surface of the
clectrophotographic photosensitive member provided as
described above was performed. At the time of observation,
adjustments were made so that there was no tilt in the
longitudinal direction of the electrophotographic photosen-
sitive member and an apex of the arc of the electrophoto-
graphic photosensitive member was 1n focus 1n the circum-
terential direction. Then, images subjected to magnification
observation were connected by an 1image connection appli-
cation, thereby obtaiming information on the entire surface
of the electrophotographic photosensitive member. Further,
image processing height data was selected by attached
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image analysis software, and the obtained result was sub-
jected to filter-type median filtering (0.2 below).
The depth and the opening area of each concave portion
formed on the surface of the electrophotographic photosen-
sitive member were obtained by the observation. The results
are 1llustrated 1n Table 1.

Further as a result of observing the surface of the elec-

trophotographic photosensitive member 1n the same manner
as described above using another laser microscope (trade
name: X-200, manufactured by Keyence Corporation), the
same result as those in the case of using the above-men-
tioned laser microscope (trade name: VK-9300, manufac-
tured by Keyence Corporation) could be obtained. In the
following examples, the laser microscope (trade name:
VK-9500, manufactured by Keyence Corporation) and a

50x lens were used for observing the surface of the elec-
trophotographic photosensitive member.

As a result of measuring the depth and the opening area
of the concave portion as described above, a sum A of the

opening arcas ol the concave portions on the surface of the
clectrophotographic photosensitive member whose surface
was processed in Example 1 was 19,787 mm~. Therefore,
the sum A (expressed as “A % 1n Table) of the opening
areas of the concave portions with respect to a total area of
the surface layer of the electrophotographic photosensitive
member was 60%. Further, as a result of calculating an

average value B of depths of the concave portions on the
surface of the electrophotographic photosensitive member
was 0.8 um. In addition, among the concave portions, the
concave portions having a depth 1n a range of +0.2 um to

—-0.2 um based on the average value B, that 1s, in Example
1, concave portions having a depth of 0.6 um to 1.0 um were
extracted, and a sum C of opening areas of these concave
portions was calculated. As a result, the sum C of the
opening areas was 19,748 mm~. Therefore, the sum C of the
opening areas (described as “C %” 1n the Table) occupied
99.8% of the sum of the opening areas of the concave
portions.

Hereinafter, a mesh 1s set on the electrophotographic
photosensitive member, regions A and B were discriminated,
a shape of the region B 1n X and Y directions was measured,
quadratic function approximation was performed thereon by
a least squares method, and a correlation coeflicient R was
calculated.

Hereinabove, a configuration of the mold member used 1s
illustrated 1n Table 1 and the measurement results after
processing are illustrated in Table 2.

(Evaluation)

The electrophotographic photosensitive member whose
surface was processed as described above 1n Example 1 was
mounted on a modified -electrophotographic copying
machine 1R-ADV C5255 manufactured by Canon Inc., and
slipping of the toner was evaluated. The electrophotographic
photosensitive member was mounted on a drum cartridge (a
charging roller cleaning brush was removed for evaluating
the slipping of the toner) for the electrophotographic copy-
ing machine iIR-ADV (C5255 so that an upper end side of the
clectrophotographic photosensitive member was on a deep

side of the modified electrophotographic copying machine
1IR-ADV (C3255.
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An example of a state in which the electrophotographic
photosensitive member and the cleaming blade come in

contact with each other 1s illustrated 1n FIG. 10. A cleaning

blade 13 (hardness: 80 JIS A°, rebound resilience at 25° C.:
35%) attached to the drum cartridge for an electrophoto-
graphic copying machine 1R-ADV (C5255 was used as 1t
was. A contact angle (narrow angle) between the electro-
photographic photosensitive member 1 and a blade lower
surface 132 of the cleaning blade 13 was set to 25° and a

contact pressure to the electrophotographic photosensitive
member was set to 40 N/m.

As the toner for evaluation, a black toner having a weight
average particle diameter of 5.0 um was used.
Evaluation was carried out 1n an environment of 30°

C./RH 80%. After continuously forming an image with an
image ratio ol 1% on 10,000 sheets of paper, the toner
remaining on a charging roller was taped on white paper, and
a density difference from the white paper was measured with
a densitometer (trade name: 504 SpectroDensitometer,
manufactured by X-Rite Inc.) and evaluated depending on
the following criteria. A 1s the best as the evaluation rank and
D 1s the worst.

A: The density difference between the toner remaining the
charging roller and the white paper was less than 0.03.

B: The density difference between the toner remaining the
charging roller and the white paper was 0.03 or more and
less than 0.06.

C: The density difference between the toner remaining the
charging roller and the white paper was 0.06 or more and
less than 0.10.

D: The density diflerence between the toner remaining the
charging roller and the white paper was 0.10 or more.

Subsequently, abrasion of the blade was evaluated using
the same drum cartridge. Evaluation was conducted under
the environment of 30° C./RH 80%, similarly 1n evaluating
slipping of the toner, and an 1image with an 1image ratio of 1%
was continuously formed on 90,000 sheets of paper.

After passing 100,000 sheets of paper in total with evalu-
ation of slipping of the toner, the cleaming blade 13 was
removed and cut into 10 equal parts 1n the longitudinal
direction. Further, a longitudinal central portion of each
blade was cut, all the cut surfaces were observed with a
microscope, and an abrasion amount at the corner portion
between the blade lower surface 132 and a blade front
surface 131 was measured. At the time of measuring the
abrasion amount, as illustrated in FIG. 11, an abrasion
distance component on the surface of the blade lower
surface 132 was measured. Specifically, a distance parallel
to the blade lower surface 132 from an end portion of the
blade front surface 131 side of the abrasion-iree blade lower
surface 132 to the blade front surface 131 was measured as
the abrasion distance 133. As a result, in the evaluation 1n
Example 1, an average value F1 of the abrasion distances
133 1n 10 cross sections of the cleaning blade was 21.3 um.
The above-mentioned contents are illustrated 1n Table 3.

A: The abrasion distance of the cleaning blade was less

than 25 um.

B: The abrasion distance of the cleaning blade was 25 um
or more and less than 40 um.

C: The abrasion distance of the cleaning blade was 40 um
or more and less than 50 um.

D: The abrasion distance of the cleaning blade was 50 um
Or more.
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TABLE 1
Shape of First Convex- Shape of Second Convex-
shaped Part shaped Part
Pitch Radius Height Pitch Radius Height Central Chord Height of
X1[um] Y1l[um] Zl[pm] X2[um] Y2[um] Z2[um] Radius [mm] Angle [Degree] Length [mm] Arc [mm] Width [um)]
Example 1 57 50 1.6 57 50 0.5 1000 19.87 345 14.99 200
Example 2 57 50 1.6 57 50 0.5 4314 4.58 345 3.45 200
Example 3 57 50 1.6 57 50 0.5 449 45.24 345 34.5 200
Example 4 57 50 1.6 57 50 0.5 628 31.88 345 24.15 200
Example 5 57 50 1.6 57 50 0.5 1443 13.73 345 10.35 200
Example 6 57 50 6.0 57 50 2.0 1000 19.87 345 14.99 200
Example 7 57 50 0.8 57 50 0.3 1000 19.87 345 14.99 200
Example 8 196 50 1.6 196 50 0.5 1000 19.87 345 14.99 200
Example 9 55 50 1.6 55 50 0.5 1000 19.87 345 14.99 200
Example 10 81 50 3.0 81 50 1.0 1000 19.87 345 14.99 400
Comparative 57 50 1.6 57 50 0.5 4960 3.98 345 3 200
Example 1
Comparative 57 50 1.6 57 50 0.5 442 45.89 345 35 200
Example 2
Comparative 57 50 1.6 57 50 0.5 756 22.84 300 15 200
Example 3
Comparative 57 50 1.6 - - - - - - - -
Example 4
TABLE 2
Concave portion on Electrophotographic
Photosensitive Member
First First First Shape of Region B
Total Area Concave  Concave Concave Length in Length in
Area  Ratio  Depth Area Area Ratio X Direc- Y direc-
Almm?] A[%] B[um] C[mm?] C[%]  tion [mm] tion [mm]
Example 1 19787 60 0.8 19748 99.8 345 14.99
Example 2 19787 60 0.8 19748 99.8 345 3.45
Example 3 19787 60 0.8 19748 99.8 345 34.5
Example 4 19787 60 0.8 19748 99.8 345 24.15
Example 5 19787 60 0.8 19748 99.8 345 10.35
Example 6 19787 60 3 19748 99.%8 345 14.99
Example 7 19787 60 0.4 19748 99.8 345 14.99
Example 8 1649 5 0.8 1645 99.8 345 14.99
Example 9 18265 65 0.8 18228 99.8 345 14.99
Example 10 9893 30 1.5 9853 99.6 345 14.99
Comparative 19787 60 0.8 0 99.8 345 3
Example 1
Comparative 19787 60 0.8 0 99.8 345 35
Example 2
Comparative 19787 60 0.8 0 99.8 300 15
Example 3
Comparative 19787 60 0.8 0 100 - -
Example 4
TABLE 3
Approximate Curve Evaluation
Coeflicient  Coeflicient  Coeflicient Correlation Short-term HH Long-term Blade
a b C coeflicient R[-] Slipping Abrasion
Example 1 0.00051 0 0 0.99 A 0.01 A 21.3
Example 2 0.00012 0 0 0.99 B 0.05 A 17.0
Example 3 0.00115 0 0 0.99 A 0.02 B 39.5
Example 4 0.00081 0 0 0.99 A 0.02 A 24.8
Example 5 0.00035 0 0 0.99 A 0.02 A 19.6
Example 6 0.00051 0 0 0.99 B 0.03 A 21.9
Example 7 0.00051 0 0 0.99 A 0.02 A 21.5
Example 8 0.00051 0 0 0.99 A 0.01 A 19.8
Example 9 0.00051 0 0 0.99 A 0.02 A 21.6
Example 10 0.00051 0 0 0.99 A 0.02 A 20.4
Comparative 0.00010 0 0 0.99 D 0.13 A 16.6

Example 1
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TABLE 3-continued

Approximate Curve

34

Evaluation

Coeflicient  Coeflicient  Coeflicient Correlation
a b C coeflicient R[-]
Comparative 0.00117 0 0 0.99
Example 2
Comparative 0.00059 0 0 0.99
Example 3
Comparative — — — —
Example 4

Examples 2 to 10 and Comparative Examples 1

Short-term HH Long-term Blade

Slipping Abrasion
A 0.02 D 59.3
D 0.17 A 22.3
A 0.01 D 70.4

thereof 1s illustrated i Table 1. Except for the above-

to 3 15 mentioned difference, the surface of the electrophotographic
photosensitive member was processed, measured, and
A cylindrical electrophotographic photosensitive member cvaluated 1n the same manner as 1n Example 1. Measure-
(an electrophotographic photosensitive member before ment results and evaluation results are illustrated in Tables
forming a shape) before forming a shape on the surface was 2 and 3, respectively.
prepared 1n the same manner as in Example 1, and a surface ,,
thereof was processed 1n the same manner as in Example 1 Examples 11 to 14 and Comparative Examples 5
using a mold member having first and second convex- and 6
shaped parts 1llustrated 1n Table 1. Measurement and evalu-
ation were performed on the electrophotographic photosen- A cylindrical electrophotographic photosensitive member
sitive member after forming the shape on the surface 1n the (electrophotographic photosensitive member before forming
same manner as in Example 1. Measurement results and 2> a shape) before forming a shape on a surface thereof was
evaluation results are 1llustrated 1n Tables 2 and 3, respec- manufactured in the same manner as 1n Example 1. At the
tively. time of processing the surface, a mold member 1llustrated in
FIG. 7C was used. First and second convex-shaped parts 51
Comparative Example 4 and 52 were provided at positions 1illustrated 1mn FIG. 7C,
30 respectively. Lengths of a line segment a55, a line segment
A cylindrical electrophotographic photosensitive member b36, a line segment ¢57 of the second convex-shaped part 52
(electrophotographic photosensitive member before forming in FIG. 7C and a width 38 of the second convex-shaped part
a shape) before forming a shape on a surface thereof was are 1llustrated 1n Table 4. Except for the above-mentioned
manufactured in the same manner as in Example 1. At the difference, the surface of the electrophotographic photosen-
time of processing the surface, a mold member illustrated in 35 sitive member was processed, measured, and evaluated 1n
FIG. 7A was used. Here, the used mold member had a first the same manner as 1n Example 1. Measurement results and
convex-shaped part 51 i which a convex hemispherical evaluation results are 1llustrated 1n Tables 5 and 6, respec-
shape was continuously provided, and the configuration tively.
TABLE 4
Shape of Second Convex-
Shape of First Convex- Shaped Part
Shaped Part Line Line Line
Pitch  Radius Height  Pitch  Radius Height Segment  Segment  Segment
X1[pm] Yl[um] ZI[um] X2[um] Y2[pm] Z2[pm] a[mm] b [mm] ¢ [mm] Width [um]
Example 11 57 50 1.6 57 50 0.5 2 3.45 310.5 200
Example 12 57 50 1.6 57 50 0.5 2 34.5 310.5 200
Example 13 57 50 1.6 57 50 0.5 2 10.35 345 200
Example 14 57 50 1.6 57 50 0.5 2 24.15 345 200
Comparative 57 50 1.6 57 50 0.5 0.5 15 345 200
Example 5
Comparative 81 50 3.0 81 50 1.0 0.5 1 345 200
Example 6
TABLE 5
Concave Portion on Electrophotographic Photosensitive Member
First First First Shape of Region B
Total Area Concave Concave Concave Length in  Length n
Area Ratio Depth Area Area Ratio X Direc- Y Direc-
Almm®]  A[%] B[um] C[mm?] C[%] tion [mm] tion [mm]
Example 11 19787 60 0.8 19748 008 310.5 3.45
Example 12 19787 60 0.8 19748 99.8 310.5 34.5
Example 13 19787 60 0.8 19748 008 345 10.35
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TABLE 5-continued

Concave Portion on Electrophotographic Photosensitive Member

36

First First First Shape of Region B
Total Area Concave Concave Concave Length in  Length in
Area Ratio Depth Area Area Ratio X Direc- Y Direc-
A[mm?] A[%] Blum] C[mm?] C[%] tion [mm] tion [mm]
Example 14 19787 60 0.8 19748 99.8 345 24.15
Comparative 19787 60 0.8 19748 99.8 345 15
Example 5
Comparative 9893 30 1.5 98353 99.8 345 1
Example 6
TABLE 6
Approximate Curve Evaluation
Coeflicient  Coeflicient  Coeflicient Correlation Short-term HH Long-term Blade
a b C coeflicient R[-] Slipping Abrasion
Example 11 0.00004 0 0 0.5 C 0.08 A 17.7
Example 12 0.00042 0 0 0.5 C 0.06 C 45.1
Example 13 0.00012 0 0 0.5 B 0.05 B 23
Example 14 0.00029 0 0 0.5 B 0.03 B 277.7
Comparative 0.00017 0 0 0.4 D 0.15 B 26.4
Example 5
Comparative 0.00001 0 0 0.4 D 0.13 A 16.9
Example 6

While the present invention has been described with 3Y
reference to exemplary embodiments, it 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions. 3>

This application claims the benefit of Japanese Patent

Application No. 2017-200547, filed Oct. 16, 2017, which 1s
hereby incorporated by reference herein in its entirety.

What 1s claimed 1s:
1. An electrophotographic photosensitive member having
a cylindrical shape, comprising a plurality of concave por-
tions on a surface thereof,
wherein a sum of opening areas of the concave portions
1s 5% or more and 65% or less based on a total area of
a surface layer of the electrophotographic photosensi-
tive member,
an average value davg of depths of the concave portions
satisfies the following Equation (1),

40

45

0.4=davg=3.0(um) Equation (1) 3q

a sum of opening areas of concave portions having a depth
d satisitying the following Equation (2) 1s 95% or more
of the sum of the opening areas of the concave portions,

davg—-0.2=d=davg+0.2(um) Equation (2) 55

an average value Lavg of maximum widths of openings of
the concave portions 1n a circumierential direction of
the electrophotographic photosensitive member 1s 20
um or more and 200 um or less, and

the electrophotographic photosensitive member has at 60
least one region B on the surface thereof, where

(band YO)

a band YO 1s,

when an average value of maximum widths of the open-
ings of the concave portions 1n an axial direction of the 65
clectrophotographic photosensitive member 1s defined
as Wavg,

an annular band including a line LYO and having a width
of 4xWavg, the line LYO passing through the center of
the electrophotographic photosensitive member 1n the
axial direction as a central line,

(line XO0)

a line X0 1s,

(1) when two or more shallow concave portions of which
50% or more of an opening area 1s included 1n the band
YO and a depth 1s 0.5xdavg or less are continuously
present 1n the band YO,

a line 1n the axial direction of the electrophotographic
photosensitive member, passing through a central point
of a line segment and being orthogonal to the band YO,
the line segment connecting deepest positions of two
concave portions positioned at both ends 1n the circum-
ferential direction among the shallow concave portions

that are continuously present, or

(11) when the shallow concave portion of which 50% or
more of an opening area 1s included in the band YO0 and
a depth 1s 0.5xdavg or less 1s present alone 1n the band
YO,

a line 1 the axial direction of the electrophotographic
photosensitive member, passing through the deepest
position of the shallow concave portion and being
orthogonal to the band YO,

(region A)

a region A,

on the surface of the electrophotographic photosensitive
member,

which 1s a tetragonal region of 200 um square partitioned

by lines 1n the circumierential direction which are formed
in parallel to the line LYO and arranged to have an
interval of 200 um therebetween, and

lines 1n the axial direction which are formed 1n parallel to
the line X0 1n a region up to a position spaced apart
from the line X0 by 35 mm and arranged to have an
interval of 200 um therebetween,
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1s a tetragonal region 1n which a ratio of the number of
shallow concave portions having a depth of 0.5xdavg
or less to the total number of concave portions of which
50% or more of the opening area i1s included in the
tetragonal region 1s 25% or more,

(region B)

a region B 1s a region formed by an aggregate satisiying,
the following condition 1 among aggregates of the
region A 1n which any one of four sides or four corners
of the region A comes 1n contact with each other, and

(condition 1)

a length of the aggregate in the axial direction of the
clectrophotographic photosensitive member 1s 90% or
more based on a maximum length of a concave portion
formation region in the axial direction of the electro-
photographic photosensitive member,

a length of the aggregate 1n the circumierential direction
of the electrophotographic photosensitive member 1s
1% or more and 10% or less based on the maximum
length of the concave portion formation region in the
axial direction of the electrophotographic photosensi-
tive member, and

when quadratic function approximation 1s performed on a
central point of each of the regions A constituting the
aggregate by a least squares method 1n an orthogonal
coordinate system i1n which the axial direction of the
clectrophotographic photosensitive member 1s the X
direction and the circumierential direction thereof 1s the
Y direction, a correlation coeflicient R of an approxi-
mate curve 1s 0.5 or more.

2. The electrophotographic photosensitive member
according to claim 1, wherein the correlation coeflicient R of
the region B 1s 0.7 or more.

3. The electrophotographic photosensitive member
according to claim 1, wherein a length of the region B 1n the
circumierential direction 1s 3% or more and 7% or less based
on the maximum length of the concave portion formation
region 1n the axial direction of the electrophotographic
photosensitive member.

4. An electrophotographic photosensitive member having
a cylindrical shape, comprising a plurality of concave por-
tions on a surtace thereof,

wherein a sum of opening areas of the concave portions

1s 5% or more and 65% or less based on a total area of

a surface layer of the electrophotographic photosensi-
tive member,

an average value davg of depths of the concave portions
satisfies the following Equation (1),

0.4=davg=3.0(um) Equation (1)

a sum of opening areas of concave portions having a depth
d satisiying the following Equation (2) 1s 95% or more
of the sum of the opening areas of the concave portions,

davg—-0.2=d=<davg+0.2(um) Equation (2)

an average value Lavg of maximum widths of openings of
the concave portions 1n a circumierential direction of

the electrophotographic photosensitive member 1s 20
um or more and 200 um or less, and

the electrophotographic photosensitive member has at
least one arc shaped region formed by an aggregate

satisiying the following condition 1 on the surface of

the electrophotographic photosensitive member:
(condition 1)
the aggregate 1s an aggregate of shallow concave portions
having a depth of 0.5xdavg or less,
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a length of the aggregate 1n the axial direction of the
clectrophotographic photosensitive member 1s 90% or
more based on a maximum length of a concave portion
formation region 1n the axial direction of the electro-
photographic photosensitive member,

a length of the aggregate in the circumierential direction
of the electrophotographic photosensitive member 1is
1% or more and 10% or less based on the maximum
length of the concave portion formation region in the
axial direction of the electrophotographic photosensi-
tive member, and

when quadratic function approximation 1s performed on a
central point of each of the shallow concave portion
constituting the aggregate by a least squares method 1n
an orthogonal coordinate system in which the axial
direction of the electrophotographic photosensitive
member 1s the X direction and the circumierential
direction thereot 1s the Y direction, a correlation coet-
ficient R of an approximate curve 1s 0.5 or more.

5. A process cartridge integrally supporting an electro-
photographic photosensitive member and a cleaning umit
having a cleaning blade disposed to come 1n contact with the
clectrophotographic photosensitive member, and detachably
attached to a main body of an electrophotographic appara-
tus, the electrophotographic photosensitive member having
a cylindrical shape and comprising a plurality of concave
portions on a surface thereof,

wherein a sum of opening areas of the concave portions
1s 5% or more and 65% or less based on a total area of
a surface layer of the electrophotographic photosensi-
tive member,

an average value davg of depths of the concave portions
satisfies the following Equation (1),

0.4=davg=3.0(um) Equation (1)

a sum ol opening areas of concave portions having a depth
d satisiying the following Equation (2) 1s 95% or more
of the sum of the opening areas of the concave portions,

davg-0.2=d=davg+0.2(um) Equation (2)

an average value Lavg of maximum widths of openings of
the concave portions 1n a circumierential direction of
the electrophotographic photosensitive member 1s 20
um or more and 200 um or less, and

the electrophotographic photosensitive member has at

least one region B on the surface thereof, where
(band YO0)

a band YO 1is,

when an average value of maximum widths of the open-
ings of the concave portions 1n an axial direction of the
clectrophotographic photosensitive member 1s defined
as Wavg,

an annular band including a line LYO and having a width
of 4xWavg, the line LYO passing through the center of
the electrophotographic photosensitive member 1n the
axial direction as a central line,

(line XO0)

a line XO 1s,

(1) when two or more shallow concave portions of which
50% or more of an opening area 1s included 1n the band
YO and a depth 1s 0.5xdavg or less are continuously
present 1n the band YO,

a line 1 the axial direction of the electrophotographic
photosensitive member, passing through a central point
of a line segment and being orthogonal to the band YO,
the line segment connecting deepest positions of two
concave portions positioned at both ends 1n the circum-
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ferential direction among the shallow concave portions
that are continuously present, or
(11) when the shallow concave portion of which 50% or

more of an opening area 1s included in the band YO and
a depth 1s 0.5xdavg or less 1s present alone in the band
YO,

a line in the axial direction of the electrophotographic
photosensitive member, passing through the deepest
position of the shallow concave portion and being
orthogonal to the band YO,

(region A)

a region A,

on the surface of the electrophotographic photosensitive
member,

which 1s a tetragonal region of 200 um square partitioned

by lines 1n the circumierential direction which are formed
in parallel to the line LYO and arranged to have an
interval of 200 um therebetween, and

lines 1n the axial direction which are formed 1n parallel to
the line X0 1n a region up to a position spaced apart
from the line X0 by 35 mm and arranged to have an
interval of 200 um therebetween,

1s a tetragonal region in which a ratio of the number of
shallow concave portions having a depth of 0.5xdavg
or less to the total number of concave portions of which
50% or more of the opeming area 1s ncluded in the
tetragonal region 1s 25% or more,
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(region B)

a region B 15 a region formed by an aggregate satisiying
the following condition 1 among aggregates of the
region A 1n which any one of four sides or four corners
of the region A comes 1n contact with each other, and

(condition 1)

a length of the aggregate 1n the axial direction of the
clectrophotographic photosensitive member 1s 90% or
more based on a maximum length of a concave portion
formation region in the axial direction of the electro-
photographic photosensitive member,

a length of the aggregate in the circumierential direction
of the electrophotographic photosensitive member 1s
1% or more and 10% or less based on the maximum
length of the concave portion formation region in the
axial direction of the electrophotographic photosensi-
tive member, and

when quadratic function approximation 1s performed on a
central point of each of the regions A constituting the
aggregate by a least squares method 1n an orthogonal
coordinate system in which the axial direction of the
clectrophotographic photosensitive member 1s the X
direction and the circumierential direction thereot 1s the

Y direction, a correlation coeflicient R of an approxi-
mate curve 1s 0.5 or more.

G ex x = e
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